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FORTY-THIRD CONGRESS, FIRST SESSION, 
CITAPTER 455. 


Be *t enacted by the Senate and House of Representatives of the United States of America in Congress 
assembled, That the following sums be, and the same are hereby, appropriated, for the objects hereinafter 
expressed, for the fiscal year ending Juve thirtieth, eighteen hundred and seventy-five, namely: 

» * * a * * * 

For engraving and printing the plates illustrating the report of the geographical and geological 
explorations and surveys west of the one hundredth meridian, to be published in quarto form, the 
printing and binding to be done at the Government Printing-Office, twenty-five thousand thousand. 

* 


* ” * * * * 


Approved June 23, 1874. 


FORTY-THIRD CONGRESS, SECOND SESSION. 
CHAPTER 76. 


Be it enacted by the Senate and House of Representatives of the United States of America in Congress 
assembled, That the act entitled “An act making appropriations for sundry civil expenses of the Govern- 
ment for the fiscal year ending June thirtieth, eighteen hundred and seventy-five, and for other pur- 
poses,” approved June twenty-third, eighteen hundred and seventy-four, be, and the same is hereby 
amended by adding to the clause of said act relating to the engraving and printing of the plates illus- 
trating the report of the geographical and geological explorations and surveys west of the one hun- 
dredth meridian, the following words: and “that two thousand copies of the report shall be printed by 
the Congressional Printer,” after substituting the word “ dollars” in lieu of the concluding word of said 
clause. 

Approved February 15, 1875. 


FORTY-FOURTH CONGRESS, FIRST SESSION. 


“Mr. VANCE, of Ohio, from the Committee cn Printing, reported the following resolution; which 
was read, considered, and adopted: : 

“ Resolved by the House of Representatives, (the Senate concurring,) That the following distribution 
shall be made of the reports of the United States geographical surveys west of the one hundredth ~ 
meridian, published in accordance with acts approved June 23, 1874, and February 15, 1875, as the several 
volumes are issued from the Government Printing-Office, to wit: Nine hundred and fifty copies of each 
to the House of Representatives, two hundred and fifty copies of each to the Senafe, and eight hundred 
copies of each to the War Department for its uses.” P 

March 29, 1876. (See Congressional Record, vol. 4, part 3, p. 2037.) 

Agreed to by the Senate May 4, 1876. (See Congressional Record, vol. 4, part 3, p. 2969.) 
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NOTE. 


Seven volumes, accompanied by one topographical and one geological 
atlas, embrace reports of Geographical Surveys West of the One hundredth 
Meridian, as follows: 


Volume 1I—Geographical Report. 

Volume IJ.—Astronomy and Barometric Hypsometry. 
Volume III.—Geology and Mineralogy. 

Volume IV.—Paleontology. 

Volume V.—Zodlogy. 

Volume VI.—Botany. 

Volume VII. Ethnology, Philology, and Ruins. 


The Topographical Atlas edition, consisting of Title-Page, Legend, and 
Conventional Signs Sheets, Index, Progress and Basin Maps, ,and Sheets 
INGss 20, D0; a,.08,,00, G5) 66, 61,40, (6, Oo, 64 (BD), 69"@D), 61-(C);.61(C 
sub), have been issued at date of sending forward the MS. of this volume. 
Other sheets will follow as rapidly as they can be prepared, engraved, and 
printed. 

Sheets 61 (B), 61 (C), and 69 (D) are projected upon a scale of 1 inch 
to 4 miles, while the scale of 1 inch to 2 miles has been used for Sheet 61 (C 
sub), the latter embracing a part of the San Juan Mining Region, South- 
western Colorado. 

Geological. sheets, supplementing Volume III, based upon the topo- 
graphical results, are in an adyanced stage of completion. 


ERRATA, PART II, VOL. IV. 


Page 73, sixth line from bottom, for ‘ Prototomus” read Stypolophus. 

Page 262, third line from bottom, the name “ vasacciense” is to be removed to the end of the fourth 
line from the bottom, immediately below the name “angustidens”. In explanation of Plate XXXVI, first 
line, for ‘plate XV” read XXXVI. re. 

Plate LXXX. The interruption in the spongy tissue seen in the section of the horn of Dicrocerus fur- 
catus, fig. 7, is due to a slight concavity of the external surface, so that the section reaches the dense 
tissue at that point. 

Plate LXXXIJII. At the end of name, Coryphodon eclephantopus, at the bottom of the plate, for 2 
read 4. 
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LETTER OF TRANSMITTAL. 


Untrep States ENGINEER OFFICE, 
GEOGRAPHICAL EXPLORATIONS AND SURVEYS 
West OF THE ONE HUNDREDTH MEnripiAn, 
Washington, D. C., December 15, 1875. 


Genera: I have the honor to submit herewith a report, in two parts, 
upon the paleontological results arising from the collections and examina- 
tions made during the years 1871, 1872, 1878, 1874, and 1875, in connec- 
tion with geographical explorations and surveys west of the one hundredth 
meridian, for publication as Volume IV of the reports authorized by acts 
of Congress approved June 23, 1874, and February 15, 1875. 

Part I is by Dr. C. A. White, on the collection of invertebrate fossils, 
numbering one hundred and eighty-three distinct species, of which fifty 
are new to science. 

A preliminary report, with descriptions of new species, by the same 
author, was, with your sanction, published in December, 1874, the sub- 
stance of which is embodied in the present volume. 

The attainments and the experience of Dr. White in this branch of 
science are a guarantee that his work has been well done. 

Part II is comprised of a similar treatment of the vertebrate fossil col- 
lections, by Prof. E. D. Cope, who has given to this subject years of study. 
Professor Cope was connected with the expedition during the season of 
1874, in which he made collections himself, and, in addition, was enabled to 
prosecuté geological researches. A portion cf his results were published in 
preliminary form in a “ Report upon the Vertebrate Fossils discovered in 
New Mexico, with description of new Species,” November 28, 1874; and a 
“Systematic Catalogue of the Vertebrata of the Eocene of New Mexico, 
collected in 1874,” April 17; 1875. His geological deductions appear in my 
annual report, Appendix LL, Annual Report of the Clief of Engineers, 1875, 


y 


VI LETTER OF TRANSMITTAL. 


Several members of the expedition not engaged upon paleontological 
work have made collections of interesting specimens, evincing a hearty 
co-operation in this as well as other allied branches of the survey. 

_ The whole number of specimens have become the property of the War 
Department, and will be carefully preserved. 

The plates illustrating the invertebrate fossils were drawn by Mrs. H. 
M. Martin, of Albany, N. Y., and engraved and printed by Julius Bien, of 
New York City. The vertebrate-fossil plates have been prepared from the 
natural objects, engraved and printed by Messrs. Thomas Sinclair & Son, 
of Philadelphia. 

A merited recognition is hereby tendered to all those who have con- 
tributed to the results as shown by this report. 

Very respectfuliy, your obedient servant, 
Geo. M. WHEELER, 
Lieutenant of Engineers, in charge. 
Brig. Gen. A. A. Humpnreys, 
Chief of Engineers, United States Army. 
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LETTER OF TRANSMISSION. 


Unitrep Srates ENGINEER OFFICE, 
_GeocrapHicaL ExpLoraTions AND Surveys 
WEstT OF THE OnE HunprepTH MERIDIAN, 
Washington, D. C., June 10, 1875. 


Sir: I have the honor herewith to transmit my final report upon the 
invertebrate fossils collected by the exploring parties under your command 
during the years 1871, 1872, and 1873.* 

The collections were placed in my hands in July, 1874,* and I at once 
commenced a critical examination of them, followed by the work of pre- 
paring the whole for publication; which work I have continued uninterrupt- 
edly to the present time. A preliminary investigation of these collections 
showed that quite a large proportion of the species were new to science, 
and, for the purpose of securing to your expedition due credit for priority of 
discovery, I wrote out descriptions of the new species then recognized, and 
sent them to your office, with the request that they be immediately published, 
for the purpose of securing the object named. This publication was made 
from the Government Printing-Office in December, 1874, and is the one 
referred to in the synonymy accompanying a republication of those species 
in this final report, together with additions and illustrations. Another object 
of this preliminary publication was the announcement of important geological 
conclusions from paleontological evidence. Among the most interesting of 
these may be mentioned the distinct recognition of the fauna of the Canadian 
period in Nevada and Utah; that of the Trenton period in Utah and New 
Mexico; and that of the Subcarboniferous period in Arizona, Nevada; and 


Utah. 


Besides the new species described in the preliminary report, a full 


* Collections of 1874 have since been placed in my hands for investigation, and the results have 
been incorporated into the following report. 
3 
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examination of the collections has shown that a few others are also new. 
Descriptions of these form a part of the present report, with which they will 
be published for the first time. The whole number of species recognized in 
the collections and described or noticed in this report is one hundred and 
eighty-two, of which fifty species were new. : 

As I have not been personally engaged in any of the field-explorations, 
my report is necessarily a paleontological one only, confined to a zodlogical 
description and classification of the invertebrate fossils, a reference of them 
to geological periods already well established, and a discussion of the char- 
acter of the evidence afforded by the fossils upon which such reference is 
made. 

My especial acknowledgments are due to those able paleontologists, 
Messrs. F. B. Meek and R. P. Whitfield, for generous counsel and assistance, 
and to Prof. Joseph Henry, Secretary of the Smithsonian Institution, for 
extending to me freely all the facilities possessed by that Institution to aid 
me in the work. 

I am, sir, your obedient servant, 
C. A. WHITE. 

First Lieut. Gro. M. WHEELER, 

Corps of Engineers, U. S. Army, 
In Charge of Geographical Explorations and 
Surveys West of the One Hundredth Meridian. 
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GENERAL OBSERVATIONS UPON THE COLLECTIONS AND 
THE PERIODS THEY REPRESENT. 

The critical investigation of fossils collected in newly-explored regions, 
distant from those in which the stratigraphical relations of the rocks have 
been accurately determined, especially if the relative position of the strata 
of those regions has been obscured by disturbance, it is often difficult and 
sometimes impracticable to assign each collection to its proper geological 
horizon. The difficulty is greatly increased to the paleontologist if he must 
prepare his report before those of the field-geologists are available, or if he 
has not himself visited the regions in question and obtained by personal 
observation a knowledge of the strata and their relative positions. 

This difficulty has been met in the present instance, so far as any person 
could do it, by Mr. G. K. Gilbert, geologist of the expedition, by whose 
patient and clear oral and epistolary explanations I have greatly profited. 
If the collections were abundant in every case, it would be a comparatively 
easy task to assign them to their proper horizons; but it is often necessary 
to make some such assignment of a meager and uncharacteristic collection, 
or to pass it by in silence. This alternative has been presented to me in 
some instances by the collections that form the basis of this report; and I 
have chosen to make some assignment of them in all cases according to the 
best evidence presented, indicating at the same time such doubts as I have 
entertained. 

The accompanying table of the subdivisions of geological time, which 
are more or less familiar to American geologists, is introduced here for the 
purpose of showing at a glance what periods and epochs are represented by 
the fossils of the collections, as well as the relative positions of the strata 
from which they were obtained. The names of the periods are those used 
by Dana in his new Manual of Geology (1874), and will be found to differ 


slightly from those formerly in use. 
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Table of the subdivisions of geological time. 


AGES. PERIODS. EPOCHS. 
| PLIOCENE. 
| Cenozoic. *TERTIARY. | MIOCENE. 


EOCENE. 


| 


* CRETACEOUS. 


Mesozoic. * JURASSIC. 


TRIASSIC. 


?* PERMIAN. 


Upper Coal-Measures. 
Middle Coal-Measures. 


*CARBONIFEROUS, OR 
COAL-MEASURES. 


Lower Coal-Measures. 


Carboniferous. Chester Limestone. 


Saint Louis Limestone. 


* SUBCARBONIFEROUS. Keokuk Limestone. 


Burlington Limestone. 


* Kinderhook Group. 


CATSKILL. 


CHEMUNG. 


Devonian. 
HAMILTON. 


CORNIFEROUS. 


ORISKANY. 


LOWER HELDERBERG. 
Upper Silurian. 


SALINA. 
NIAGARA. 
* Cincinnati. 
* TRENTON. ?* Utica. 
Trenton. 
. Chazy. 
| Lower Silurian. —— -- = 
| * CANADIAN. * Quebec. 
Calciferous. 
* Potsdam. 
* PRIMORDIAL. = 
Acadian. 


ARCH ZEAN. 


* The presence of the asterisk indicates that the period or epoch, as the case may be, is represented by fossils in the collections. 
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LOWER SILURIAN. 


The Lower Silurian age is represented in these collections by fossils 
referable to all three of its periods, namely, the Primordial, Canadian, and 


Trenton. 
PRIMORDIAL PERIOD. 


The collections contain fossils of the Primordial period that were 
obtained in Western Utah, Southeastern Nevada, and Western Arizona, all 
of which are probably referable to the Potsdam epoch of that period. The 
most conspicuous feature of the fauna of the period, as represented by these 
collections, consists in the preponderance of the Articulate over all other 
forms of life, and which is represented by Trilobites alone, with the probable 
exception of the tracks described on a subsequent page. This apparent 
preponderance, however, is likely to be greatly modified by future discov- 
eres. 

The genera of Trilobites which these localities have afforded are 
Olenellus, Conocoryphe, Agnostus, and Asaphiscus; the latter being a new 
genus, recently proposed by Mr. F. B. Meek, probably allied with the 
Asaphide, while the others, as well as the geological horizon they are 
understood to characterize, are well known. 

The discovery of two species of Olenellus at Pioche, Nev., is especially 
important and interesting, since that genus has hitherto been regarded as 
distinctively characteristic of a well-defined Primordial horizon in America. 
The interesting nature of the discovery is increased by the fact that, in their 
general characteristics, these two Nevada species of Olenellus respectively 
represent two other well-known species of that genus similarly associated 
in strata of the same period in Vermont and Canada. While all the other 
strata herein referred to the Primordial period have been so referred almost 
wholly upon paleontological evidence, the Tonto shale of the Grand Canon 
of the Colorado River has been referred to that period by the geologists of 
the expedition largely upon stratigraphical evidence. The only indications 
of life that these last-named strata have afforded to the collections consist 
of two species of Cruziana, besides the tracks that have just been referred to 
{t is true that the presence of Cruziana in those strata does not prove their 


Primordial age ; but, as such forms are rarely found in strata of other periods, 
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they may be regarded as adding considerable weight to the conclusions 
drawn by the field-geologists from other data. As these plants were the 
only recognizable species furnished by those strata, holding as they do so 
important a stratigraphical position, I have added descriptions of them to 
the others, although it was originally proposed that this report should be 
confined to invertebrate fossils alone. The existence of strata of the 
Primordial period at several localities in the Rocky Mountain region has 
been heretofore announced by different explorers; but the discoveries made 
by the Explorations West of the One hundredth Meridian constitute a mate- 
rial addition to our knowledge of the rocks of that period in the western 


part of the continent. 


CANADIAN PERIOD. 


Small collections made at a few localities in the House range, Western 
Utah, and in the Schell Creek range, Southeastern Nevada, I have referred 
to the Canadian period. The collections are not only small, but they com- 
prise in all only twelve species. A part of these, however, are regarded as 
quite characteristic of the Quebec epoch of that period, to which I have 
assigned them with very little hesitation. Small as they are, these collec- 
tions present a much greater zoélogical diversity than those of the Primor- 
dial period do, and there is not among them that preponderance of one 
zoological type over the others that has been mentioned as occurring among 
the collections of Primordial fossils, which consist very largely of Trilobites. 
The subkingdoms Protozoa, Radiata, Mollusca, and Articulata are all rep- 
resented among the fossils referred to the Canadian period; the species and 
higher groups to which they belong being compactly shown in the syste- 
matic table on a following page. Among the more important of the char- 
acteristic forms of this period contained in the collections, the species of 
Phyllograptus deserves especial notice as being the first species of the genus 
yet discovered in the Rocky Mountain region, and also because the genus 
is regarded as peculiarly characteristic of the Quebec epoch. The discovery 
of strata of this period in Nevada and Utah is important from the fact that, 
with the exception of Professor Bradley’s discovery in Idaho, their existence 


throughout the great Rocky Mountain region was heretofore unknown. 


GENERAL OBSERVATIONS. 9 


The discovery derives additional interest also from the fact that the period as 
such, and as distinct from the Primordial on the one hand and the Trenton 
on the other, has not, until lately, been fully recognized. 

So far as known to me, neither the Calciferous nor Chazy formation of 
this period has been recognized in connection with the Quebec strata referred 
to, nor indeed anywhere in the Rocky Mountain region. It is too early to 
say or suggest what bearing this fact may have upon the opinion under- 
stood to be entertained by the Canadian geologists that the Quebec strata 
are deep-sea representatives of those of the Calciferous and Chazy forma- 
tions. 


TRENTON PERIOD. 


The localities at which fossils belonging unquestionably to the Trenton 
period have been collected are Silver City and Upper Mimbres Mining 
Camp, N. Mex. <A few other species have been collected at other localities 
in Arizona and Nevada, which localities are more specifically designated in 
connection with descriptions of the species on following pages. These 
species I have also referred to the Trenton period, but the intrinsic evidence 
they afford as to their stratigraphical position is not so entirely satisfactory 
as that presented by the collections from the two first-named localities. 
Besides all these, four species of Graptolites were collected from partially 
metamorphosed shale near Belmont, Nev. No other fossils were found 
associated with the Graptolites that might aid in indicating their exact strat- 
igraphical position; but I have referred them provisionally to the same 
period with those already mentioned. 

As regards the epochs of the Trenton period to which the fossils of 
these localities respectively belong, those from Silver City and Upper 
Mimbres Mining Camp are referred without hesitation to the Cincinnati 
epoch. This is done not only because of the general similarity of faunal 
characteristics, but also because of the identification of four species from 
the strata there that are characteristic ones of the strata of that epoch at 
the typical localities. The four species referred to are Favistella stellata 
Hall, Strophomena filiterta Hall, Orthis biforata Schlotheim (var. lyna), and 
O. occidentalis Hall. 
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Associated with these, there are some other species that, if not identi- 
cal with associates of those species just named elsewhere, are very closely 
allied to them. Indeed, it is worthy of remark that there is so large a pro- 
portion of the species here referred to the Trenton period that are very 
closely allied to well-known species, and yet present such minor differences 
from typical forms, that I have felt obliged to append an interrogation-point 
to the names of the species I have referred them to. The Graptolites prob- 
ably belong to the Utica epoch of the Trenton period, and I have made 
that provisional assignment of them. 

Two of the Nevada species, Graptolithus ramulus White and G. hypni- 
formis White are allied to two species, G. ramosus Hall and G. Whitfieldi 
Hall, that are found in the shales at Norman’s Kill near Albany, N. Y., the 
exact stratigraphical position of which shales has hitherto been in doubt. 
One, G. pristis Hall? (not Hisinger), is apparently identical with a species 
from the Utica slate of New York; the other Nevada species is probably 
identical with G. quadrimucronatus Hall, the type-specimens of which were 
obtained from strata of the Utica epoch near Lake Saint John in Canada. 
While the exact stratigraphical position of the shales at Norman’s Kill has 
not yet been demonstrated, the strata referred to at Lake Saint John are, 
upon published evidence, referred without hesitation to the Utica epoch. I 
am not aware that any species found in strata of that epoch at the last- 
named or at any other locality are identical with any found at Norman’s 
Kill; but the relations of our Nevada species of Graptolites are very close 
with some of those found at both of the eastern localities just mentioned. It 
does not seem improbable, therefore, that this far western locality may be 
found to furnish important evidence of the equivalency of the strata at 
Norman’s Kill with the Utica slate. (See note at end of chapter.) 

It is not unfrequently the case that Graptolites constitute the only 
organic remains found in shales of Silurian age. This is doubtless due to 
the fact that the physical conditions of the sea, in which that kind of sedi- 
mentary material which now constitutes the shale was deposited, were favor- 
able to the existence of such forms of life, and at the same time made the 
habitat an uncongenial one for other forms. The fact, therefore, that the 


Belmont shales have furnished almost no other fossils besides Graptolites is 
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not remarkable; but it is worthy of remark that the collections from Silver 
City and Upper Mimbres Mining Camp, with the exception of one Conchi- 
fer, contain only arthropomatous Brachiopods and corals; the mollusean 
classes Polyzoa, Gasteropoda, and Cephalopoda, and the whole subkingdom 
Articulata, being unrepresented. The corals belong to families common in 
strata of that age, namely, Favositide, Cyathophyllide, and Thecide ; but the 
Brachiopods, with the exception of one, Rhynchonella, all belong to the family 
Strophomenide. 

Peculiar interest attaches to this discovery of strata of the Trenton 
period in New Mexico, Nevada, and Arizona, -as well as to the discoveries 
concerning the other Lower Silurian periods, from the fact that so little has 
hitherto been known of their existence in that part of North America. 
Indeed, with the exception of the discovery of strata of this period by 
Jenney in Western Texas, and that of a similar one by Dr. G. G. Shumard 
in Southern New Mexico, I am not aware that the existence of any besides 
those here announced has been recognized in that part of the continent. 


UPPER SILURIAN. 

The collections contain uo fossils of Upper Silurian age, nor has the 
existence of any strata of that age in the region over which the explorations 
have extended been ascertained, as far as I am aware. 

DEVONIAN. 

Among the collections are a few fossils, the locality for which is given 
as “between San Antonio and Silver Peak, Nevada.” 

All of them are too imperfect for satisfactory specific description ; but, 
judging from their general characters, they seem to be of Devonian age. 
The genera, so far as they are recognizable, are Favosites, Acervularia?, and ~ 
Zaphrentis. There are also some fragments, probably of Atrypa reticularis, 
and part of an undetermined Trilobite. . 

CARBONIFEROUS. 

Nearly half of all the species contained in the collections are referable 
to the Carboniferous age, mainly to its middle period Among them are 
some very characteristic fossils of the Subcarboniferous period; but the 


Permian has only doubtful representation. 
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SUBCARBONIFEROUS PERIOD. 


The physical conditions that prevailed during the Subcarboniferous 
period over what is now the North American continent were quite various; 
but the rocks of the period possess general distinctive characters in their 
fossil fauna, by means of which they may be separated with little difficulty 
from those of the next succeeding period. It is in the valley of the Missis- 
sippi that they are most characteristically developed, and where five distinct 
formations, marking as many epochs, are found. The names of these for- 
mations in the ascending order are the Kinderhook group, Burlington lime- 
stone, Keokuk limestone, Saint Louis limestone, and Chester limestone. 
Each formation has its own characteristic fauna; but through all of them a 
few species are continuous, even into the strata of the next period, the Car- 
boniferous. Taking these Subcarboniferous formations together as the stand- 
ard for the group, it has been found more or less difficult to recognize their 
respective equivalents among the rocks of the same period, either eastward 
or southward from that region, or, at best, the order of succession is nowhere 
so well shown as it is in the region referred to. In the Rocky Mountain region, 
it has been found that there is, at many localities, a greater or less mingling 
of Subearboniferous with Carboniferous types; but at quite a number of 
localities, collections have been made that are regarded as distinctively Sub- 
‘arboniferous. Only a very few of these collections, however, exhibit a fauna 
clearly referable to any particular one of the formations of the period that 
have just been named. Perhaps the most remarkable of the collections of 
this character is the one made by Professor Bradley in Idaho, the fossils of 
which Mr. Meek has found to be strikingly characteristic of the Saint Louis 
limestone as developed in some parts of Indiana. 

The collections of the expedition contain fossils from only three locali- 
ties that I have definitely referred to the Subcarboniferous period. These 

‘localities are Mountain Spring, Old Mormon road, Nevada; Ewell’s Spring, 
Arizona (upper horizon); and a place below Ophir City, Utalt. The collec- 
tion made at the first-named locality is the most characteristic and important 
one of all, and is referred to the horizon of the Kinderhook formation, to 
which horizon it is not improbable the cthers also belong. As the recogni- 


tion of distinct epochs of the Subcarboniferous period in the Rocky Mountain 
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region is a matter of considerable importance, | give the following detailed 
statement of the relations of these fossils to the typical fauna of the period, 
and especially to that of the epoch to which I have.referred them. It is 
well known that in America several species of fossils are known to range 
through all the formations of the Subcarboniferous into those of the Car- 
boniferous period, especially into the limestones of the latter. The discovery 
of any of these species alone in any given strata would not, therefore, enable 
us to refer the strata containing them to one of these periods rather than the 
other. On the other hand, certain genera occur in strata of each one of 
these periods that are not known to occur in the other, in which latter case 
the generic character becomes of greater value than the specific im the former. 
It is upon evidence of the latter kind that I have referred the fossils of the 
three localities named to the Subcarboniferous period. 

The following list contains the names of the genera represented in the 
collections from those localities :— 


Favosites. Syringopora. 

Granatocrinus. Zaphrentis. 

Platycrinus. Productus. 

Actinocrinus. Hemiprontes. 

Strophomena. Orthis. 

Spirifer (Syringothyris type). . Spirigera. 

Conocardiun. Spirifer ( Trigonotreta type). 
Terebratula (Dielasma). 
Enomphalus. 


Those genera of the left-hand column are not known to occur in strata 
of later date than the Subcarboniferous, while those of the right-hand column 
are known to range both above and below it. The generic value of the 
latter genera in this case is only to add weight to the evidence afforded by 
the others, which is of itself, however, very decisive. Here are seven genera, 
that are known to occur in Subearboniferous strata elsewhere, but are 
known in no strata of later date; and as they are found at the localities 
named associated with types peculiar to the Carboniferous age, the propriety 
of referring the species which represent those genera in the collections to the 


Subcarboniferous period seems unquestionable. 
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Although I entertain no doubt of the Subcarboniferous age of the fossils 
from the locality below Ophir City and the one at Ewell’s Spring (upper 
horizon), I am not able to assign them definitely to either of the epochs of 
that period that are represented by the formations before named in the 
Mississippi Valley and elsewhere to the eastward of that region. The case 
is far different, however, with the collection from the Mountain Spring 
locality, which I refer without hesitation to the Kinderhook group. 

This reference is made in consequence of the identification of no less 
than five of the species known to exist in rocks of that epoch in the States 
of the great valley and eastward. The following is a list of those species, 
together with the localities that furnished either the types or authentic speci- 


mens :— 


Strophomena rhomboidalis Wilckins.—Kinderhook group, Burlington, 
Towa. 

Spirifer (Martinia) peculiaris Shumard.—Kinderhook group, Missouri 
and Lowa. 

Spirifer centronata Winchell.—-Waverly sandstone, Cuyahoga Falls, 
Ohio. 

Spirifer (Syringothyris) extenuatus Hall—Kinderhook group, Iowa and 
Missouri. 
Terebratula (Dielasma) Burlingtonensis —Kinderhook group, Burlington, 
lowa. 

Associated with these and other species at Mountain Spring, there is a 
small Productus that I have identified with P. parvus Meek and Worthen, 
the type-specimens of which were obtained from the Chester limestone 
of Illinois. This might seem to throw some doubt upon the proper identi- 
fication of the strata at Mountain Spring with the Kinderhook group, were it 
not for the fact that other species of Productus are known to range through 
the whole Carboniferous series. Indeed, more species of this genus are 
known to have this great range than of all other genera of invertebrates put 
together. 

It is a well-known fact that crinoidal life was eminently characteristic 
of the Subcarboniferous period ; but, in the Mississippi Valley, it is the Bur- 


GENERAL OBSERVATIONS. 15 


lington and Keokuk limestones that are more especially characterized by a 
great preponderance of these forms. Although some crinoidal remains exist 
in those Subearboniferous strata that have been discovered in the Rocky 
Mountain region, in none of them have they been found in so great profu- 
sion as they exist in the two formations in the Mississippi Valley that have 
just been named. In this respect, the collections from those western locali- 
ties accord more nearly in faunal characteristics with the other three forma- 
tions of the Mississippi Valley series. 

It could not be expected that collections of Subcarboniferous fossils so 
meager as those made by the expedition are should afford any very com- 
plete indication of the relative prevalence in that region of the different 
forms of marine life of the period; but it may be well to note that they con- 
tain no remains of fishes, no Articulates, and no Cephalopods, arthropoma- 
tous Brachiopods being the prevailing forms. Such deficiencies as those 
noticed are, however, not uncommon in much larger collections from typical 
Subcarboniterous strata. 

CARBONIFEROUS PERIOD. 

The accession, in the Carboniferous age, of the conditions necessary 
to the formation of coal was not simultaneous in all those parts of North 
America over which deposits of that age were made; nor were these con- 
ditions sooner or later co-extensive with all parts of the area in which those 
deposits exist, not even with those of the Carboniferous, or so-called Coal- 
Measure, period. It is also known that these conditions, even during the 
period of their greatest prevalence, occasionally ceased by shifting elsewhere, 
and were resumed again; alternating thus with conditions similar to those 
that prevailed at the beginning of the age, before the first coal-deposits were 
formed. In what are now portions of Pennsylvania, Virginia, Kentucky, 
and Indiana, these coal-making conditions began before the close of the 
Subcarboniferous period. Although their prevalence became general during 
the deposition, in the eastern half of North America, of the strata of the 
first and second epochs of the Carboniferous period, especially the first, the 
strata of the third epoch of the last-named period are usually as destitute 
of coal as those of the Subcarboniferous period are. 

Indeed, the conditions that prevailed during the Upper Coal-Measure 
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epoch were essentially a repetition of those which prevailed during the 
Subearboniferous period. Bearing this in mind, it is easy to understand 
that those species which are found in both Subearboniferous and Carbonit- 
erous strata may have reached the latter position merely by continuous 
geographical distribution during the progress of the two periods. Geolo- 
gists generally divide the strata of the Carboniferous period, in the eastern 
part of North America, into Upper and Lower Coal-Measures; but, in lowa 
and Missouri, they are more or less naturally divided into three formations, 
as before indicated. Westward from those States, the strata of the Carbo- 
niferous period have not been separated into corresponding epochal divis- 
ions, and are perhaps not capable of such separation. In the Rocky 
Mountain region, the strata of this period are widely distributed, and attain 
a very great thickness compared with that of those in the Mississippi Valley. 
Those far western Carboniferous strata probably represent in the aggregate 
the whole Carboniferous period, but in their general lithological and pale- 
ontological characters they are all much more nearly like the strata of the 
Upper Coal-Measures as developed in Iowa, Missouri, and Nebraska than 
they are like the Middle and Lower Coal-Measures. So far as known to 
me, no considerable deposit of coal has been found in any strata of the 
Carboniferous age in the Rocky Mountain region. The accession and 
cessation of the physical conditions necessarily attendant upon the forma- 
tion of coal seem to have constituted the principal means of marking, in 
the accumulating strata, the epochal divisions of the period in Eastern 
North America. Those conditions of coal-making not having prevailed in 
the Far West, and, so far as known, the physical changes that occurred there 
during the period not being coincident with those farther eastward, its 
epochs were not there marked off in the same manner. 

The collections contain a greater number of species from strata of this 
period than from those of any other; and they were also found more 
abundant than those of any one of the older periods that have just been 
noticed. 

Of the sixty-two species that have been described or noticed in this 
report and assigned to this period, one is a Rhizopod ; six, Actinozoa; two, 
Echinodermata ; three, Polyzoa ; twenty-nine, arthropomatous Brachiopoda ; 
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ten, monomyarian Conchifera ; two, dimyarian Conchifera; six, Gaster- 
opoda ; and three, Cephalopoda. The two species of Echinodermata do 
not, however, correctly represent* the relative prevalence of that class, 
because the geologists of the expedition report the presence of scattered 
joints of Crinoids at almost all the localities, but which, being of little value 
for classification, were not collected. Of these sixty-two species, thirty- 
nine are more or less frequently met with in strata of the Carboniferous 
period in the States bordering upon the Mississippi River. 

Although the faunal characteristics of the period are so clearly and 
fully shown in the collections, the flora of the period, so abundant in the 
States eastward, has very slight representation among them. Indeed, the 
collection contains only a single specimen each of Sigillaria and Neuropteris ; 
the former from White Pine, Nev., and the latter from Cedar Creek, 
Maricopa County, Ariz. 

PERMIAN PERIOD. 


The collections contain no fossils that I have definitely referred to the 
Permian period. A few imperfect specimens were collected from a porous, 
apparently magnesian, limestone, near Jacob’s Pool, Arizona, which is prob- 
ably at the very summit of the Carboniferous series. One of the species 
only was satisfactorily recognized, and that is referred to Bakevellia parva 
Meek and Hayden. he collections also contain specimens apparently 
identical with that species from strata near Camp Wingate, N. Mex. The 
strata are probably equivalent at the two localities. 


MESOZOIC. 


TRIASSIC PERIOD. 


So far as can be determined, none of the invertebrate fossils contained 
in the collections are properly referable to the Triassic period. 


JURASSIC PERIOD. 


The collections contain only eight species in all that I have referred to 
the Jurassic period. All of these were nowhere found associated together 
in the same strata; consequently the fauna of the period was nowhere found 

2F 
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fully represented. The collections were made at somewhat widely-separated 
localities in Nevada and Utah. I have referred the species to the Jurassic 
period without hesitation in all cases where they were identical, or associated 
with species hitherto described by Mr. Meek, or Meek and Hayden, and 
referred by them to that period. With the exception of one crinoidal species, 


the fauna of the collections is wholly molluscan. 
CRETACEOUS PERIOD. 


Next to the Carboniferous period, the Cretaceous is represented in the 
collections by the greatest number of species. These were obtained at 
various points in New Mexico, Utah, and Colorado. For want of available 
data, no attempt has been made to refer them respectively to the different sub- 
divisions of the Cretaceous group that have been recognized in Western 
North America by various geologists ; but they are all regarded as clearly 
referable to the Cretaceous period. Although individuals of most of the 
species are numerous, it is interesting to observe the restrictions of zodlogical 
diversity which the collections, consisting of thirty-two species, present. For 
example, the Protozoa and Radiata are entirely wanting ; the Articulata rep- 
resented by a single species of Serpula only; and all the remainder are Mol- 
lusca. Of these, the Molluscoidea are represented by a single species of 
Lingula; thirteen species are monomyarian Conchifera ; five, dimyarian 


Conchifera ; nine, Gasteropoda; and tour, Cephalopoda. 


CENOZOIC. 
TERTIARY PERIOD. 

The collections contain fifteen species from strata at different localities 
in Utah that I have assigned to the Tertiary period, all of which, except one 
species of Cypris, are either fresh-water or land mollusks, mostly the former. 
Three species are Conchifera, and of the remaining eleven species five are 
pulmonate Gasteropods, an order that is not represented in any of the other 
collections. 

If I were left to rely upon the zodlogical types alone which the fossils 


of this small collection present, I should have no hesitation in referring them 
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all to the Tertiary period. In view of the fact, however, that strata at some 
localities in that Territory, containing a fauna as suggestive of the Tertiary 
period as these fossils are, have been found to underlie strata containing 
true Cretaceous types, I prefer at present to regard the reference of at least 
the greater part of them to the Tertiary period as provisional. 


Notrr.—After writing the foregoing, I learned that my friend, Mr. R. P. Whitfield, the well-known 
paleontologist, had been making some special studies of the Graptolite slates of Norman’s Kill, and 
wrote to ask his opinion upon the subject, to which inquiry I have receive the following reply. I 
insert if here because of its important bearing upon the question of the age of the shales at Bel- 
mont, Nev. :— 

“ALBANY, N. Y., February 18, 1875. 

“Dear Sir: Your inquiry in regard to the geological age of the Graptolite slates of Norman’s Kill 
near Albany, N. Y., involves a question of considerable complexity, and is one to which I have given 
much thought and labor during several years past. The rocks in that vicinity are so altered and dis- 
turbed that their relative position is not easily determined from stratigraphical evidence. I have sought 
diligently at all points for fossil remains, but with only limited success thus far, except as to Graptolites. 
From the evidence furnished by these fossils, I have reached the conclusion that the Graptolite-bearing 
layers there are of the age of the Utica slate, the following being a summary of the facts I have observed :— 

“T have found the following species common to both the Graptolite layers at Norman’s Kill and 

those of the Utica slate formation at the mouth of Oxtungo Creek near Fort Plain, N. Y.:—Graptolithus 
(Monograptus) serratulus Hall; G. (Diplograptus) pristis Hall (not Hisinger); G. (Climacograptus) bicornis 
Hall; and G. (Dicranograptus) ramosus Hall. 

“At Ballston, N. Y., G. bicornis Hallis very abundant in the Utica slate; and at Barker’s Falls, near 
Sandy Hill, N. Y., G. pristis is equally abundant in the same formation. On the island of Orleans in the 
Saint Lawrence River, and in the valley of the Saint Anne River in Canada, three of the forenamed 
species are known to occur, viz, G. pristis, G. ramosus, and G. bicornis Hall, in beds known to be of the age 
of the Utica slate (see Geological Report of Canada, 1863, page 200). I think that G. (Dieranograptus) 
sextans Hall also occurs in the same layers with the above-mentioned species, but I will not be positive, 

“T am confident that if all these localities were as thoroughly examined as that at Norman’s Kill 
has been, many more species would be found to be common to two or more of them; but the evidence 
already given is quite sufficient to warrant the conclusion that the slates of the several localities named 
are of the same geological age, especially when we consider the fact that Graptolites have a very limited 
geological range. Although only four species are positively known to be common to two or more of the 
localities named, some of them are found at widely-separated characteristic localities of the Utica slate, 
which shows the great geographical range of the species. None of the Norman’s Kill species have been 
recognized in any other formation than the Utica slate, which, while it demonstrates their equivalency 
of geological age, also shows the limited geological range of this family of fossils. 

“Besides the foregoing evidence, the following facts are worthy of consideration in this connec- 
tion. The lithological features of the Norman’s Kill Graptolite beds are peculiar, quite different from the 
other beds near by, easily recognized at distant localities, and evidently as near like the Utica slate as a 
metamorphic slate can be like an unaltered one. Ata locality of these slates near Cohoes, I found specimens 
of G. pristis undistinguishable from Norman’s Kill specimens, and in another layer not many feet from the 
first, but of somewhat different lithological characters, I coliected Orthis testudinaria, Leptana sericea, 
Bellerophon bilobatus, and Trinucleus concentricus, also an Orthoceras and seyeral small lamellibranchiate 
shells. In another layer, a short distance from the first and in a direction opposite the second, but 
nearly in tbe strike of the beds, I found specimens of an Orthis closely like, if not identical with, O. 
subquadrata Hall. On the opposite side of the Hudson River, near the base of the hills just above 
and back from Lansingburgh, a mile or more from the river, I obtained G. pristis and G, furcatus, 
another Norman’s Kill species. Just south of Troy, in the shaly partings between layers of metamorphic 
limestone, I have found a species of Graptolite in great abundance undistinguishable from G. amplixicaule 
Hall, from the Trenton limestone of Herkimer County, New York. The same species was also fonnd 
abundantly in the yard of the arsenal at Watervliet by Capt. C. E. Dutton, U.S.A. At Norman’s Kil, 
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only a few hundred yards from the Graptolite beds, in arenaceous 
layers, I found a species of Graptolite closely resembling and prob- 
ably identical with one figured in vol. i, Paleontology of New York, 
plate 72, fig. 1 a, found at Turin, Lewis County, N. Y., in the Hudson 
River group, and at that time identified with G. pristis, but probably 
distinct. 

“From the foregoing facts, I infer that the slates below Troy and 
in the arsenal-yard, together with the associated metamorphic lime- 
stones, are the equivalents of the Trenton limestone; and that those 
at Norman’s Kill, which bear the Lewis County species of Grapto- 
lites, are probably a continuation of the arenaceous limestones and 
shales seen in the ravines and railroad cuttings in the town of Knox, 
Albany County, and of those layers quarried near Schenectady, N. Y., 
known as the ‘bluestone’; and also that they are the equivalents of 
the Lorraine shales of Central and North Central New York. All the 
physical peculiarities of the Hudson River beds, as seen at the locali- 
ties just mentioned, are so exactly repeated in tbe disturbed and 
nearly vertical layers within a few hundred yards of the Graptclite 
beds, that it is diflicuit to believe they are not geologically identi- 
eal. One peculiar feature, often noticed on the rocks at Schenectady 
and elsewhere, is very common at Norman’s Kill: it is the appearance 
as of flowing mud suddenly fixed and hardened on the harder layers; 
the depressions between the folds and wrinkles being filled with fine 
mud-shale partings, upon which the layers separate with clean sur- 
faces. 

“The beds at Norman’s Kill are so much disturbed and contorted 
that it is impossible to trace a given layer to any considerable dis- 
tance. There are also many slight faults of a few inches, or some- 
times several feet ; but I have seen no evidence of any greater one 
in the vicinity, neither do I think it probable there is one, or that a 
proper explanation of the condition of the strata makes it necessary 
to infer that one exists there. The position of the beds there, and 
the appearance of the Utica slate and of Trenton limestone in the 
vicinity, can be more reasonably explained by assuming the presence 
of a series of folds or overlappings, increasing in strength from the 
vicinity of the nearly horizontal beds of the Hudson River group 
only afew miles westward from the river, which thus bring up these 
lower formations, as shown in the accompanying ideal section. You 
will find this section similar to one given by one of the best and most 
reliable geologists on page 234, Geological Report of Canada, 1863, 
for these same formations at another locality. 

“Very truly, yours, 
“R. P. WHITFIELD. 

Drs Cora WidITR.: 
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CLASSIFICATION. 

If fossils were to be regarded as merely medals or tokens of geological 
formations, to serve the purpose only of distinguishing the latter from each 
other, a knowledge of their biological relations among themselves and to 
existing forms would be unnecessary, and their classification, beyond the 
application of convenient names, a useless and cumbersome labor. As our 
knowledge of paleontology increases, however, the great value and impor- 
tance which the higher groups possess in the solution of geological problems, 
not to mention their bearing upon purely biological subjects, are more and 
morerecognized. The custom that has been prevalent of recording only the 
generic and specific names of the fossils described has long been felt by the best 
paleontologists to be insufficient to give full expression to the significance they 
possess. Consequently, a more or less complete zodlogical grouping of them 
has of late become more common. ‘There seems to be no rational ground 
between a full classification on the one hand and the mere mention of the 
name of each species in connection with its description on the other. I 
have, therefore, compiled a full zodlogical classification of the collections 
that form the basis of this report. In doing so, I have generally adopted 
the system used by the best specialists in each department; and their use 
here is merely one of present convenience, and not necessarily an expression 
of full approval. For example, an obvious reason for the adoption of Dr. 
Gill’s arrangement of the families of Mollusca may be found in the fact that 
the collections by law go to the Smithsonian Institution, where that arrange- 
ment has been adopted for its cabinet. This should not be understood as 
an expression of my own views as to the systematic position of the Brachio- 
poda,any more than the use of Edwards and Haime’s classification of corals 
implies an approval of the assignment of Chetetes and related corals to the 
Zoantharia, &e. 

Following is a tabular view of the classification I have adopted for the 


collections, repeated for each of the geological periods they represent. 
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o2 PRIMORDIAL PERIOD. 


CHAPTER ITf- 


LOWER SILURIAN AGE. 


PLANTA. 
CRYPTOGAMIA. 
CLass THALLOGENES. 


GENUS CRUZIANA D’Orbigny, 1842. 
Cruziana Linnarssoni White. 
Plate I, fig. 2 a, b, and ec. 


Cruziana Linnarssoni White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., 
Prelim. Rep. Invert. Foss., 5. 


Body not much flattened, oblong or subelliptical in outline, but nar- 
rowed and more or less pointed at the ends, one of which is a little more 
acutely pointed than the other; median furrow traversing the whole length 
of the body, the greater part of it bemg deep and distinct, but a part of it 
is usually more shallow. é 

Surface marked by few or no transverse rugze, but upon the more 
pointed end of some of the specimens there ‘is a secondary furrow upon 
each side of the median furrow; these converge to the point where they 
join the median furrow, but they disappear in the opposite direction before 
reaching the middle of the body. Upon others, an incipient furrow is some- 
times seen at each side of the half of the body that is more acutely poimted 
These are near to, and their direction is parallel with, the sides of the body. 
This character is shown in figure 2 a and b, Plate I. Stipe rather small, 
attached about midlength of the body in the bottom of the median furrow, 
but it is, however, rarely preserved. 
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Length of body from two and a half to seven and a half centimeters. 

It is not improbable that the form represented by figure 2 ) and’c is 
specifically distinct from the form represented by figure 2 a, especially as the 
first-named form is quite a constant one among the specimens of the collec- 
tions. I have, however, not felt fully warranted by the collections yet 
made in separating them under a different specific name, but I have selected 
the form represented by figure 2 @ as typical of the species here described. 

Compared with C. dispar Limiarsson, from the Primordial rocks of 
Vestergotland, it differs in being more pointed at the extremities and other- 
wise of different outline, and also in having few or none of the transverse 
rug that so distinctly mark that species. From C. grenvillensis Billings 
(Paleozoic Fossils of Canada, vol. i, page 101), it differs in outline, in 
having few or no transverse ruge or wrinkles, and in having a median 
furrow traversing its whole length instead of occupying only a part of 
its length as the furrow does in that species. 

It is thought possible that the specimens of this species in the collec- 
tion may have been denuded of rug before they became imbedded, 
because the surface of some of the slabs upon which they are found are 
strewn with small bodies that resemble detached rugee. On the other hand, 
such a supposition seems untenable, because some of those slabs are found 
to contain both C. Linnarssoni and the following described species; the 
former being nude as usual, and the latter having their abundant ruge in 
place. 

The specific name is given in honor of Prof. J. G. O. Linnarsson, the 
able Swedish geologist. 

Position and locality—Tonto shale, probably of the Primordial period, 


Grand Canon of the Colorado River, Mohave County, Arizona. 


Cruziana rustica White. 
Plate I, fig. 1 a and Bb. 


Cruziana rustica White, 1874, Geog. & Geol. Exp, & Surv. west 100th Merid., Prelim. 
Rep. Invert. Foss., 5. 


- . . . 
Body more or less elongated, flattened, more or less distinctly bilobed, 
the lobes being depressed-convex and the ends blunt; median furrow 


extending the whole length of the body and comparatively shallow through- 
3 °F 
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out; transverse rugze numerous, some of them interrupted, but others 
extending from the outer borders to the middle of the median furrow, arch- 
ing slightly as they cross the lobes. 

Length of the body in proportion with the width variable; in some 
specimens (perhaps broken ones) the length and width being about equal, 
while in others the length is two or three times as great as the width. The 
width varies in different specimens from three and a half to more than four 
centimeters. It is not improbable that this species reached a much greater 
length than is indicated by any of the specimens in the collection, and that 
even the longest of these are only fragments. No indications of a stipe 
arising from the median furrow, such as is seen in C. Linnarrsont and other 
species, have been observed. 

This species is larger than C. Linnarrsoni, with which it is associated ; 
of very different aspect and of different and more variable proportions. — It 
somewhat resembles C. bilobata (I'ucoides bilobatus Vanuxem, Geology of 
the Third District of New York, page 79) of the Clinton group; but the 
proportions of the body and of the lobes, respectively, are different. 

Position and locality—TVonto shale, probably of the Primordial period. 


Grand Canon of the Colorado River, Mohave County, Arizona. 
ANIMALIA. 


MOLLUSCA. 


MOLLUSCOIDEA. 


CLAss BRACHIOPODA. 
Orver LYOPOMATA. 


Famity DISCINIDA. 
GrEnus ACROTRETA Kutorga, 1848. 
Acrotreta? subsidua White. 
Plate I, fig. 3 a, b, c, and d. 


Acrotreta? subsidua White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., Prelim. 
Rep. Invert. Foss., 6. 


Shell thin, corneus, discoid, subcireular or somewhat suboval in out- 


line, the transverse diameter being a trifle greater than the longitudinal ; 
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sides regularly, and front broadly, rounded; posterior margin slightly 
straightened, forming a comparatively short, slightly convex, or nearly 
straight hinge-line. 

Dorsal valve flattened ; beak marginal or nearly so, not prominent ; 
interior surface having a slightly-elevated median ridge, beginning beneath 
the beak and extending to about the middle of the valve, where it disap- 
pears. 

The condition of all the specimens of this species which the collections 
contain is such that the muscular impressions are not distinctly shown, but 
those of the posterior adductors appear to be small, and placed nearly 
beneath the beak, one on each side of the median ridge just mentioned ; 
between these muscular impressions and the posterior margin there is, at 
each side, an obscure diverging ridge, or fold, which seems to blend with the 
postero-lateral margin. 

Ventral valve moderately convex in the umbonal region, but more 
flattened anteriorly and laterally; beak excentric, somewhat prominent, 
and minutely perforate. Some of the specimens show what appear to be 
small adductor impressions placed in the apex, close to the foramen, one 
at each side of it. One specimen shows a slight flattening of the space 
upon the outer surface, between the apex and the hinge, producing the 
appearance there of an indistinctly-defined cardinal area. 

The inner surface of both valves of all the specimens of this species 
contained in the collections has been more or less exfoliated by weather- 
ing, whereby some of the principal characters have been obscured. Con- 
sequently, the foregoing description is not only incomplete, but it is probable 
that the discovery of more perfect specimens may show necessity for modi- 
fying it. The cast of a single valve found associated with those used in 
this description, showing large and distinct muscular impressions, already 
suggests such a modification; but its characters are not embodied in the 
description, because: that specimen is not certainly known to belong to the 
species. The specimen referred to is illustrated by figure 3 d, Plate I. 
The other specimens all show fine radiating lines in the structure of the 
shell, and also concentric laminze of growth. They are all compressed in 


dark shale, and show only the interier surfaces of the valves, none showing 
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ihe external surface. The latter is supposed to be lamellose or otherwise 
so roughened as to have caused it to adhere to the shale, while the smooth 
interior surface has readily separated in the plane of fission. 

This shell is not only specifically different from any other known to 
me; but in its want of a well-defined area and in its discoid, instead of 
pyramidal, form, it differs perhaps generically from those Discinide that 
are usually referred to the genus Acrotreta. I have referred it to that genus 
provisionally, because the combination of its characters renders its reference 
to any other established genus known to me equally inconsistent, and 
because the specimens are not complete enough to base a new generic 
description upon which the species may or may not possess. 

Length of the largest specimen in the collection, six millimeters; width 
of the same, seven millimeters. 

Position and locality—Strata of the Primordial period, probably of the 
epoch of the Potsdam sandstone, Antelope Spring, House range, Utah. 


GENUS TREMATIS Sharpe, 1847. 
Trematis pannulus White. 
Plate I, fig. 4 a and b. 


Trematis pannulus White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., 
Prelim. Rep. Invert. Foss., 6. 

Associated with Olenellus Gilberti Meek, a single imperfect specimen 
of Trematis has been discovered, which, although consisting only of a 
single valve, possesses such characteristic surface-markings as to indicate 
its specific separation from all other known forms of the genus. 

The diameter of the specimen is about three millimeters; outline 
apparently subcireular or a little broader than long; apex moderately 
prominent and situated near the posterior margin. Surface marked by a very 
fine net-work of oblique raised lines, dividing it up into minute, four-sided, 
pore-like pits, which cause it to resemble, under the lens, the texture of 
finely-woven cloth. 

In the character of its surface-markings, this species is nearly related 
to T. punctata Sowerby, sp., as figured by Davidson in his Monograph of 


British Fossil Brachiopoda, part vii, No.1. That species, however, reaches 
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a much larger size than our shell, and the small pits that similarly mark 
its surface are six-sided, instead of four-sided as in ours. The surface of 
T. siluriana Davidson, another allied species, has the pits arranged in radiat- 
ing instead of oblique lines. 

Position and locality—Shales of the Primordial period and probably of 


the Potsdam epoch, Pioche, Nevada. 


MOLLUSCA VERA. 


CLAss GASTEROPODA. 


Susctass PTEROPODA. 
Orper THECOSOMATA. 
Famity HYOLITHID. 
GrENus HYOLITHES Eichwald, 1840. 
Hyolithes primordialis Hall (?). 
Plate I, fig. 5 a, b, c, d, and e. 
Theca primordialis Hall, 1861, Geol. Surv. Wisconsin (pamph.), 48. 
Theca primordialis Hall, 1862, Geol. Sury. Wisconsin, i, 21. 
Theca primordialis Hall, 1863, Sixteenth Ann. Reg. Rep. N. Y. State Cab., 135. 
Hyolithes primordialis Hall and Whittield, 1875, Twenty-third Ann. Reg. Rep. N. Y. 


State Cab., 242. 
Hyolithes primordialis ?, White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., 


» 


Prelim. Rep. Invert. Foss., 6 

Shell slender, acutely pointed; test rather thin; transverse section sub- 
semicircular or subtrihedral; edges or longitudinal angles nearly or quite 
straight, meeting at an apical angle, varying in different specimens from fif- 
teen to twenty degrees; dorsal side slightly convex or nearly flat along the 
middle; ventral side forming a nearly semicircular arch in transverse sec- 
tion, but it sometimes shows an obtuse, rounded angle, extending from apex 
to aperture along the median line; the lateral angles, formed by the june- 
tion of the dorsal and ventral sides, sharply rounded; margin of the aper- 
ture at the flattend side extended and broadly rounded; that of the convex 
side nearly transverse, but sometimes showing a slight emargination at the 
middle. Upon the flattened or dorsal side of the solid stony core of one of 
the specimens, from which the test is removed, there appears a very slightly 


raised longitudinal ridge, the width of which at all parts of its length is 
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about one-quarter that of the whole width of the shell. This, of course, 
indicates the existence of a shallow, tapering, longitudinal groove upon the 
inner surface of the shell; but, so far as observed, there is no external indi- 
cation of its presence. Surface marked by lines and undulations of growth, 
which are apparently strongest upon the flattened side. 

Length, from fifteen to eighteen millimeters. 

In the case of simple forms like these, it often seems necessary to take 
into careful consideration differences that, in more complex forms, would be 
considered as merely individual, or slightly varietal modifications, and there- 
fore disregarded. The difference between our specimens and those of 
Professor Hall, as represented by his figures and description, seems to be of 
this slight character; and it is only in view of the fact just stated that doubt 
is felt as to the specific identity of our shell with H. primordialis. The 
principal external differences (the internal characters of Professor Hall's 
shell have not been made known) are that our forms are a little more 
robust, a little less flattened upon the dorsal side, and the convexity of the 
lines of growth and of the margin of the aperture at that side are a little 
greater. From H. gregaria Meek and Hayden, it differs in its greater size, 
its concentrically-marked surface, and in the outline of its aperture. 

Position and locality—Strata of the Primordial period, and probably of 
the Potsdam epoch, Pioche, Nevada. 


ARTICULATA. 


\ 
3 
CiLass CRUSTACEA. 

Orver TRILOBITA. 

Famity AGNOSTIDA. 

GENUS AGNOSTUS Brongniart, 1821. 
Agnostus interstrictus White. 
Plate II, fig. 5 a@ and b. 
Agnostus interstrictus White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., 
Prelim. Rep. Invert. Foss., 7. 
Head and pygidium of almost exactly equal size and general shape 

and otherwise closely resembling each other. 
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Head a trifle broader than long, regularly rounded in front; sides at 
the postero-lateral regions subparallel; postero-lateral angles truncated ; 
the whole exterior margin, including the truncated portions just named, pro- 
vided with a narrow, raised rim, the elevation of which forms a linear 
depression, or groove, between it and those portions of the head which it 
incloses; space between this marginal depression and the glabella a little 
-wider posteriorly than it is in front, convex throughout, and its surface 
apparently smooth. Glabella conical, widest posteriorly, moderately con- 
vex, sides nearly straight, well defined by the dorsal furrows, abruptly 
rounded in front; a minute tubercle situated on the median line near the 
posterior end, and a shallow groove or furrow extending across near the 
front end, defining a frontal lobe of moderate size. 

Thorax narrower than the head and pygidium, giving the body the 
appearance of being constricted at the middle; axial lobe broad, consisting 
of two segments, both of which are tumid at the ends adjoining the dorsal 
furrows; lateral lobes very narrow ; pleuree almost as wide as long; each 
pleura tumid, and rounded at its exterior end. 

Pygidium having an outline like that of the head, and is also provided 
with a similar elevated marginal rim and linear depression within it; axial 
lobe a little longer than the glabella, and consequently that lobe reaches a 
little nearer the posterior margin of the pygidium than the glabella does to 
the anterior margin of the head, moderately convex in elevation and also in 
each lateral outline; a minute tubercle is situated on the median line near 
the anterior end, corresponding in size and relative position with the one on 
the glabella before mentioned; space between the dorsal furrows and the 
margin convex, its surface apparently smooth; upon the outer edge of the 
border of the pygidium, at each side and a little nearer to the axial extremity 
than to the antero-lateral angles, there is a minute protuberance, suggestive 
of an incipient spine. Besides the slight differences between the head and 
pygidium, already referred to, the pygidium differs also in having a faint 
appearance of segmentation of its axis and in a slight folding-backward of 
the marginal rim at the antero-lateral angles. 

Length of body, eight millimeters; width of head and also of the 


pygidium, five millimeters; width of thorax, four millimeters. 
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This beautiful Agnostus is quite unlike any described American species, 
and is more nearly related to A. integer Beyrich, from the Primordial strata 
of Europe, than any other known to me. Compared with that species, it is 
found to reach a larger size; its glabella is narrowed in front instead of 
having its sides nearly parallel; the axial lobe of the pygidium is nar- 
rower behind than in front, instead of being of nearly the same width at 
each end, and has the sides of that lobe convex instead of nearly straight, as 
they are in A. dteger. 

Position and locality —Shales of the Primordial period, probably of the 
Potsdam epoch, Antelope Spring, House range, Utah, where it is associated 
with Conocoryphe Kingii Meek, and other fossils of Primordial type, and 
where three entire specimens have been obtained, besides a number of 
fragments. 

Famity CONOCORYPHIDA. 

GENUS CONOCORYPHE Corda, 1847. 

SuBGENuUS PTYCHOPARIA Corda, 1847. 
Conocoryphe (Ptychoparia) Kingii Meek. 
Plate II, fig. 2 a, b, and e. 
Conocoryphe (Conocephalites) Kingit Meek, 1870, Proc. Acad. Nat. Sci. Phila., 63. 
Conocoryphe (Ptychoparia) Kingii Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, 
& Utah, 487. 

Outline of body ovate; the width compared with the length being 
about as two to three. Head semicircular, or nearly so; the exterior margin 
regularly rounded, and bordered by a narrow marginal rim, which is nearly 
of uniform width throughout, but is sometimes a little stronger in front of 
the glabella than elsewhere; posterior margin very slightly concave in 
adult specimens, but a little more concave in young ones; near the postero- 
lateral angle of the head, this margin bends abruptly backward, terminating 
in cheek-spines of moderate length; these spines in the adult extend back- 
ward to a point about opposite the second segment of the thorax, but in the 
young the spines are proportionally longer, and the whole head larger com 
pared with the remainder of the body. Glabella slightly elevated above 
the cheeks, clearly defined by the shallow dorsal furrows ; its anterior end 


reaching a point about one-half its own length from the front margin of the 
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head; width at the base, compared with its full length, about as seven to 
eight; sides straight or nearly so; anterior end abruptly and posterior end 
very broadly rounded ; occipital furrow well defined, and continuous with a 
similar but rather broader furrow at each side, that extends across the cheek 
parallel with and near the posterior margin of the head, giving that margin 
a raised border ; lateral furrows absent or very indistinct in adult specimens, 
but in well-preserved young ones there are indications of four pairs of lobes. 
Facial sutures curving outward and forward from the anterior ends of the 
eyes, or from a point a little forward of their anterior ends, reaching the 
marginal groove within the raised border of the head at points a little wider 
apart than the eyes are at their anterior ends, then, bending somewhat 
abruptly inward, they cut the anterior margin; posteriorly, the sutures 
extend almost directly outward from the posterior ends of the eyes, then, by 
broad backward curves, which become more abrupt as they proceed, they 
cut the posterior margin of the head not far from its postero-lateral angles 
and just inside the bases of the cheek-spines. 

Eyes rather small, slightly arching outward, placed well back toward 
the posterior margin of the head; visual surfaces narrow, our specimens show- 
ing no reticulations; other portions of the head apparently without surface- 
markings or ornamentation, except that some specimens show a very faint 
ridge extending transversely from the anterior end of each eye toward the 
anterior portion of the glabella, but ending at the dorsal furrows before 
reaching it. 

Thorax longer than the head, measuring seventeen millimeters in a 
specimen having a head thirteen millimeters long, the same thorax measur- 
ing twenty-five millimeters wide at its widest part; axial lobe depressed, 
narrow ; sides straight, about two-thirds as wide as one of the lateral lobes 
at the anterior end of the thorax, about one-third wider at its anterior than 
it is at its posterior end; segments thirteen in number, passing nearly or 
quite straight across the lobe; a slight transverse prominence usually seen 
at each end of every axial segment near the bottom of the dorsal furrows, 
producing the appearance there of a corrugated, raised line along the whole 
length of each furrow; lateral lobes slightly convex, a little widest about 


midlength; pleuree nearly transverse with the axis of the body, nearly 
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straight, but arching a little backward at their outer ends; extremities 
abruptly pointed, the points directed obliquely backward, and also bent a 
little horizontally outward, so as to produce the appearance of a slightly- 
flattened, serrated border along each side of the thorax, each pleura hay- 
ing a well-defined groove, which is widest and deepest about the middle, and 
extends from the imner end to near the outer extremity, where it becomes 
obsolete and ends at the flattened tip. 

Pygidium subsemicircular, comparatively small, only a little more than 
one-third as long as the thorax, regularly rounded behind, where it has a 
narrow, flattened border of nearly uniform width all around; axial lobe 
ending at the marginal border; segments indistinct, but five or six in num- 
ber are recognizable in some specimens; lateral lobes much depressed, 
twice the width of the axial lobe at the anterior end of the pygidium; seg- 
‘ments indistinct, but may be distinguished by their grooves, which are 
deeper than those that mark the limits of each; grooves curving backward, 
and, like those of the pleurze, becoming obsolete upon reaching the flattened 
marginal border. 

The whole surtace is apparently smooth, except that there are some 
faint indications of radiating strize upon the exterior portions of the head of . 
well-preserved specimens, discernible only by means of a lens. 

Length of the largest specimen in the collections, five centimeters ; 
breadth of the same across the thorax, thirty-three millimeters. 

Although this species resembles an Olenus in general outline and aspect, 
the possession of blunt and shortened, instead of extended and pointed, 
pleurze, the presence of faint elevated lmes between the eyes and glabella, 
the radiating lines wpon the surface of the head, together with the other 
characters above described and shown in the figures, leave no doubt as to 
the propriety of referring it to the genus Conocoryphe. The presence of 
only thirteen thoracic segments instead of fourteen (the number attributed 
to the genus by Corda) is not regarded as of generic importance in this 
case. 

A number of entire and more or less perfect specimens of this fine 
Trilobite are contained in the collections, but they have all been a little flat- 


tened by compression. The finer details of structure of mest of them have 


PRIMORDIAL PERIOD. 43 


also been obscured by contact with a peculiar accumulation of calcite or 
arragonite in the form of a layer from two to four millimeters in thickness 
beneath the whole crust; the crystalline prisms being vertical to the plane 
of the fossil and also to that of the layer of shale in which it was imbedded. 

Position and locality—Shales of the Primordial period, probably of the 
Potsdam epoch, Antelope Spring, House range, Utah. 


Famity ASAPHIDA. 


GENUS ASAPHISCUS Meek, 1872. 
Asaphiscus Wheeleri Meek. 
Plate II, fig. 1 a, b, ¢, d, e, and f. 


Bathyurellus (Asaphiscus) Wheelert Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, 
& Utah, 485. 


Body oblong-ovate in outline; surface smooth. Head depressed- 
convex; front margin regularly rounded; postero-lateral angles abruptly 
rounded, without cheek-spines; exterior margin bent shortly upward all 
around, producing a raised border of considerable width, and also a rather 
deep linear depression, or groove, parallel with that border and between it 
and the remainder of the cheeks. Glabella conical, much wider behind than 
infront, depressed ; space between its anterior end and the marginal groove 
about equal to the width of the raised marginal rim in front of it; outline 
well defined by the narrow dorsal furrows; sides nearly straight; anterior 
end abruptly and posterior end broadly rounded, without lateral furrows, or 
at least they are hardly discernible; occipital furrow shallow, broad, but 
somewhat distinct and uniform, extending entirely across the glabella, and 
continuous with furrows similar to itself that extend to the postero-lateral 
angles of the head; the latter furrows lie parallel with and near to the poste- 
rior margin of the head, giving that margin also a raised border, somewhat 
like the one upon the exterior margin. Eyes comparatively small, crescentic, 
situated nearly opposite the mid length of the glabella, and nearly equidistant 
from it and the posterior margin. 

Thorax having nine segments; its length not quite so great as that of 
the head; axis broadest anteriorly, more strongly convex, and about one- 
third narrower than the lateral lobes are; segments extending straight across 


the lobe; lateral lobes depressed, their greatest convexity along the middle ; 
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pleure bluntly pointed at their outer ends, the points not being directed 
very strongly backward; their inner ends so joined to the axial segments 
that they have the appearance of lapping a little upon them just inside the 
dorsal furrow; grooved, the groove being deepest about midlength, where 
the outer and inner portions of its front border meet at a distinet but very 
obtuse angle; grooves extending from the dorsal furrow nearly to the 
extremity of the pleure, where they disappear. 

Pygidium somewhat semicircular in outline, distinctly trilobate ; seg- 
mentation indistinct, so much so in some of the specimens that the surface 
appears nearly as plain as that of an Asaphus, but the segmentation is 
usually more distinctly shown upon surfaces from which the crust has been 
removed; axis prominent, especially at its distal end, where it terminates 
abruptly at the inner edge of the broad marginal border; segments of axial 
lobe eight or ten; lateral lobes much depressed, a little wider than the axial 
lobe at the anterior end, and narrowing to an incurved pomt at the end of 
the axis; the whole exterior margin having a broad, flat border of nearly 
uniform width throughout; the under surface of this border marked by 
fine, somewhat irregular, longitudinal striae, such as are usually seen upon 
corresponding parts of Asaphus. 

The largest specimen in the collections is about seven centimeters long. 

These specimens are the same that were used by Mr. Meek in his 
description of this species, and upon which he also based his genus 
Asaplhiscus. 

Position and locality—Strata of the Primordial period, probably of the 


Potsdam epoch, near Antelope Spring, House range, Utah. 


Famity PARADOXIDA. 
GENUS OLENELLUS Hall, 1861. 
Olenellus Gilberti Meek. 
Plate II, fig. 3 a, b, c, d, and e. 
Olenellus Gilberti Meek, 1874 (manuscript). 
Olenellus Gilberti White, 1874, Geog. & Geol. Exp. & Surv. west 100th Merid., Prelim. 
tep. Invert. Foss., 7. 
Head subsemicircular or semi-oval, the length being to the breadth at 


the posterior border about as four or five to seven; both the external and 
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posterior margins bordered by a narrow, continuous, slightly-raised rim, 
that of the external margin being placed a little within its edge, that of 
the posterior margin continuous across the occipital lobe of the glabella; 
the postero-lateral angles produced into slender spines, which are terete, 
very slightly incurved, not much widened at their bases, and in our speci- 
mens are about equal in length to one-fourth of the transverse diameter 
of the head at its base. The posterior margin of the head, near each 
postero-lateral angle, bends abruptly forward a. little, forming a kind of 
notch or small retreating angle with the backward-projecting spine, and 
also giving the outer corner of the movable cheek the appearance of being 
rounded. Eyes narrow, broadly arching outward, narrowness and con- 
vexity of curve both increasing posteriorly; their outer margins nearly’ 
equidistant from the center and the outer margins of the head, which dis- 
tance is also about equal to the length of the eye. Glabella distinctly 
lobed, the furrows extending nearly or quite to its center; frontal lobe 
much larger than the others, subcireular in outline, prominent, tumid, 
regularly rounded in front, and a little wider than the remainder of the 
glabella; anterior, middle, posterior, and occipital lobes of nearly uniform 
size. 

The remainder of the body is unknown, with the exception of single 
specimens each of the long third pleura of the right side, and one of the 
others, probably belonging behind the third segment. The long one is 
broadly and somewhat deeply grooved upon the surface of its inner por- 
tion, where the anterior edge of the groove is elevated, the groove becom- 
ing shallower and narrower upon the outer portion, and finally disappearing 
toward the point of the pleura; outer portion of the pleura bending 
strongly but not very abruptly backward, and ending in a strong, flattened, 
spine-like point. The other pleura mentioned is grooved like the long one, 
but the anterior edge of its inner portion is not turned upward, as it is in 
the other. 

The specimens of the collection are all imperfect, consisting only of 
flattened impressions in shale. Consequently, the character of the crust, 
the surtace-markings or ornamentation, if any existed, and the original 
convexity of the head are all unknown; but there are indications that the 
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convexity of the head must have been considerable, and that the specimens 
have been much flattened by pressure. When perfect specimens shall be 
discovered, they may probably necessitate a modification of the foregoing 
description, but itis believed that such discovery will not necessitate material 
change. The specimens of the collection are of various sizes, due to differ- 
ence in age; the transverse diameter of the head being from one and a half 
to five and a half centimeters. 

This species is nearly allied to O. Vermontana Hall, from strata in 
Northern Vermont, generally referred to the Potsdam epoch; but it differs 
in many respects, the following bemg among the more important differences 
that appear upon comparing our specimens with the figure and original 

‘description of that species: — 

The frontal lobe of the glabella of our species does not reach the ante- 
rior margin of the head by a space nearly equal to one-third the length of 
that lobe, instead of coming in contact with the frontal margin as in 0. Ver- 
montana. The anterior ends of the eyes of our species reach forward nearly 
into contact with the anterior lobe of the glabella, being considerably 
farther forward than they are represented to reach in the figures of the 
Vermont species. In our species, the raised marginal rim of the posterior 
border of the head extends ‘continuously across the occipital lobe of the 
glabella, but the figure and description of O. Vermontana represent no such 
raised rim. The posterior margin of the head of our species is rounded 
forward at the postero-lateral angles, while the figure of O. Vermontana 
represents the posterior border of the head as curving backward, and forming 
sharp, spine-like angles with the lateral margins. The short cheek-spines 
of that species are represented as widening at the base ; in ours, the cheek- 
spines are longer, more slender, and do not thus widen. The long third 
pleura of O. Gilberti is not bent backward so abruptly as it is in O. Ver- 
montana, and the former species seems also to have reached a larger size 
than the eastern one. 

Position and locality—Strata of the Primordial period, probably of the 
Potsdam epoch, Pioche, Nevada, and at Ophir City, Oquirrh range, Utah. 
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Olenellus Howelli Meek. 


Plate II, fig. 4 a and b. 
Olenellus Howelli Meek, 1874 (manuscript). 
Olenellus Howelli White, 1874, Geog. & Geol. Exp: & Surv. west 100th Merid., Prelim. 
Rep. Invert. Foss., 8. 

Head massive, semi-oval in outline, strongly convex, the length on the 
median line being to the greatest breadth about as three to five; exterior 
margin having a strong, raised border, of nearly uniform width all around, 
and which is also continuous with the moderately strong spines of the 
postero-lateral angles of the head; length of the spines about equal to one- 
half the length of the head on the median line; posterior margin also 
having a raised border extending on each side from the occipital segment 
to the base of the spines, but not crossing the glabella upon the occipital 
lobe ; width of this border not uniform like that of the exterior margin, 
but is widest a little beyond the midlength at each side, and narrowest near 
the base of each spine, toward which it again suddenly widens, blending 
with both the spine and the exterior raised border; this widening of the 
border there rounds the angle between the posterior margin and the spine, 
and also rounds the postero-lateral angle of that portion of the cheek which 
is inclosed within the raised borders. A shallow, linear depression extends 
around the head just within the raised border, giving the broad cheek- 
surfaces the appearance of being slightly inflated. 

Eyes large, very prominent, extending from opposite the anterior 
furrow of the glabella to nearly opposite the middle of the occipital lobe ; 
the palpebral lobe of each eye blending with the outer ends of the anterior, 
middle, and posterior lobes of the glabella. ; 

Glabella large, very prominent, distinctly lobed; the furrows, while 
they are distinct at the sides, are only slightly impressed at the median 
line; occipital and posterior lobes of about equal size; frontal lobe large, 
tumid, well defined, extending forward to the shallow, linear depression 
just within the raised border of the anterior margin of the head, regularly 
rounded in front, a little wider than the remainder of the glabella, but not 
higher than the others of its lobes. 
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Surface apparently smooth but the condition of the specimen is such 
that this character is not clearly shown. Remainder of the body unknewn, 
the only specimen discovered consisting of a well-preserved head alone. 
Associated with it, however, the spinous extremity of a pleura was found 
that possesses the characteristics of similar parts of Olenellus, and which 
probably belonged to an individual of this species. 

This species is apparently related to O. Thompsoni Hall, from rocks in 
Northern Vermont referred to the Potsdam epoch, where it is associated 
with O. Vermontana; but it differs in general outline and proportions, and 
also in many details, as shown by comparison with the figures and original 
description of that species by Professor Hall. The frontal lobe of the 
glabella in O. Howelli is wider than those behind it, instead of being nar- 
rower than the hinder ones, as they are represented to be in O. Thompsoni. 
The details of the exterior and posterior raised margins are different, and 
the postero-lateral spines are not proportionally so strong in our species as 
they are represented to be in that one. The occipital furrow in ours does 
not extend so distinctly across the glabella as it does in O. Thompsoni, and 
the occipital lobe is proportionally wider, and extends farther backward than 
it does in that species. It is also related to O. Gilberti, but differs in gen- 
eral proportions of the head, the details of the exterior and posterior bor- 
ders, and in the proportional size of the different lobes of the glabella. 

As the genus Olenellus is held by geologists to mark a distinct and 
characteristic horizon in American strata, its discovery in that distant 
locality is peculiarly valuable and interesting. It is also an interesting and 
significant fact that the two species here described respectively represent im 
their specific characters the two originally-deseribed species of the genus 
found associated in the Primordial rocks of Vermont and Canada, as these 
are found associated in rocks of the same period in Nevada. 

The specimens from which the descriptions of the two species of 
Olenellus herein recorded were made are the same that were used by Mr. 
Meek in his original descriptions and naming of the species. 

Position and locality—Strata of the Primordial period, and probably 
of the Potsdam epoch, Pioche, Nevada. 
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VESTIGIA. 


Plate I; fig. 6 a and b. 


From the same strata that contain Cruziana Linnarrsoni and C. rustica, 
the collections contain some thin pieces of siliceous shale marked by a 
number of series of minute tracks that were probably made by some small 
Crustacean or other Articulate. They consist of double rows of slight 
transverse depressions upon the smooth surface of the shale, with a plain 
space between each series of the double row, about half as wide as the 
width of a series, but in some cases the two series of tracks constituting 
the double row nearly meet in the center. Each separate minute track 
or depression arches slightly, and, although very narrow, they are each 
nearly or quite as wide as the spaces between them are. In some portions, 
each separate depression appears as if it had been twice or thrice impressed 
with minute organs of locomotion of similar size and shape. The width 
of the double row is about three millimeters, and the transverse length of 
each separate impression or track is hardly more than one millimeter. 
There are about twelve impressions, or separate tracks, in the length of a 
centimeter. 

The tracks pursue a slightly tortuous course; the longest series shown 
by the specimens in the collection having a continuous length of about six 
centimeters, but all of them are broken at both ends. No remains have 
been found associated with them that might indicate the characteristics of 
the animal that made them; but the narrowness and uniformity of the series, 
together with the fact that each separate minute track appears to have been 
repeatedly impressed by a series of similar organs of locomotion, seenis to 
suggest veriniform characteristics, but it does not necessarily follow that 
the animal was a true worm. 

The collections contain no other traces of animal life from these 
shales, and the formation has been referred to the Primordial period mainly 
upon stratigraphical grounds. 

Position and locality—Tonto shale, Primordial period; Grand Canon of 
the Colorado River, Mohave County, Arizona. 
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PROTOZOA. 


CLASS RHIZOPODA. 
Orper FORAMINIFERA. 


GENUS RECEPTACULITES Defrance, 1827. 


Receptaculites 


(?). 


The collections contain a single fragment only of one of these strange 
and interesting forms. It is too imperfect for specific characterization, but 
is noticed here to make the account as complete as possible of the faunal 
characteristics of the strata which I have referred to the Canadian period. 
It seems to be a fragment from near the base of one of those broad sac- or 
urn-shaped species such as have been described by Mr. Billings from strata of 
the same period in Canada. Both ectorhin and endorhin have been mostly 
removed by weathering, whereby the open ends of the numerous close-set 
cylindrical tubes that connected them are exposed. 

Position and locality—Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. 
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RADIATA. .- 


CLASS HYDROZOA. 
Orver HYDROIDA. 
Famity GRAPTOLITIDA. 


GENUS PHYLLOGRAPTUS Hall, 1858. 
Phyllograptus Loringi White. 


Plate III, fig. 1 a and b. 


Phyllograptus Loringi White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Ioss., 9. 

Stipe apparently having the usual quadripartite form of the genus; 
the foliate expansion having a somewhat irregular elongate-oval outline 
and a moderately narrow axis. Cellules leaving the axis at different angles 
with it in different parts of the stipe, ascending along the middle portion 
so as to form an acute angle with the axis, then sweeping outward with an 
increasing curvature to the lateral margins, where they are at right angles 
with the axis, or in some parts of the length of the stipe slightly recurv- 
ing. ‘Toward the apex, the cellules are less curved and form more acute 
angles with the axis. Each cellule gradually but slightly increases in size 
as it extends outward to the margin, where there are thirteen or fourteen 
in the space of a centimeter. Each cellule is provided at its aperture 
with a strong, prominent, recurving lower lip, the edges of which in our 
example, it being compressed, have somewhat the appearance of spine-like 
appendages. The stipe being broken at the lower end, the shape of that 
part is known only by inference, and for the same reason the full length 
has not been accurately ascertained, but it was apparently about four 
centimeters long; width, at about midlength, one and a half centimeters. 

This species has the general aspect of P. typus Hall, but it differs from 
that species in the size of its cells and the character of its cell-apertures. 


According to Professor Hall, P. typus has a maximum of twenty-six cells 
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9) 


in the space of an inch, while our species has from thirty-four to thirty- 
six inthe same space. ‘That species is represented as having small mucronate 
appendages at the cell-apertures, which those of our species are destitute of, 
but are provided instead with a thickened projecting lower lip. 

Dedicated to the memory of Mr. F. W. Loring, who was murdered by 
the Apache Indians in October, 1871, while a member of one of the explor- 
ing parties. 

Position and locality— Strata of the age of the Quebec group of Canada; 


Fish Spring, House range, Utah. 


MOLLUSCA. 


MOLLUSCOIDEA. 


CLAss BRACHIOPODA. 
Orver LYOPOMATA. 
: Famity LINGULIDA. 
Genus LINGULA Brugniére, 1789. 
Lingula? manticula White. 


Plate IL, fig. 2 a and b. 


Lingula? manticula White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 9. 

Shell small elongate-subovate or subelliptical in outline, broadest at or 
a little behind the middle; beaks pointed. 

Dorsal valve proportionally wider than the ventral, moderately convex; 
postero-lateral margins nearly straight, meeting at the beak at an angle of 
nearly forty-five degrees; beak small, depressed; front margin regularly 
rounded. 

Ventral valve proportionally longer than the dorsal in consequence of 
the considerable projection of its beak behind that of the dorsal valve; the 
whole valve, except its prominent beak, corresponding nearly with the whole 
of the opposite one, but its posterior portion is a little more convex trans- 


versely than any part of the other valve is; the beak is more prominent 
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and sharper, and the postero-lateral slopes straighter than they are in the 
dorsal valve. Surface of both valves having a smooth appearance, but fine 
concentric lines and obscure radiating strize are to be seen under a lens. 
Length of the dorsal valve represented by figure 2 a, Plate II, six 
millimeters; width, four millimeters. This is the largest valve the collec- 
tions contain, but it is not improbable that the species attains a larger size. 
This species in general aspect resembles Lingula acuminata Conrad, from 
the Calciferous sandstone formation of New York, especially in the narrow- 
ness of the posterior portion of the ventral valve and its slender beak; but 
it is not proportionally so broad anteriorly as that shell is, and in other 
respects the outline is materially different. The dorsal valve of our shell 
resembles the figure of a specimen that Professor Hall refers doubtingly to 
Lingula mosia, from the Potsdam formation of Wisconsin (Sixteenth Ann. 
Regent’s Report New York State Cabinet, plate 6, figure 1); but the ventral 
valve of ours is proportionally longer than that figure, which is understood 
to represent a ventral valve. If this supposition is correct, that species has 
proportions materially different from those of ours. ° , 
I refer this species with doubt to the genus Lingula, because the inter- 
nal characters of the shell are unknown, and because it is now generally 
admitted that among the linguloid shells of the older Paleozoic rocks, which 
were formerly referred to the genus Lingula without question, there are 
really several different genera, all distinct from the recent Lingula. — 
Position and locality—Strata of the age of the Quebee group of Canada; 
Schellbourne, Schell Creek range, Nevada. 


Famity DISCINIDA. 
GENUS ACROTRETA Kutorga, 1548. 
Acrotreta pyxidicula White. 
Plate III, fig. 3 a and b. 
Acrotreta pyxidicula White, 1874, Exp. & Surv. west L00th Merid., Prelim. Rep, Invert. 
Foss., 9. 

Shell minute; marginal outline subcircular or transversely suboval ; 
without observable mesial sinus or fold. Dorsal valve most prominent near 


the umbo; beak small, depressed, but well defined, hardly projecting 
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beyond the hinge-line; cardinal angles rounded; hinge-line short, nearly 
straight; lateral and front margins regularly rounded. 

Ventral valve obliquely depressed-subconical; apex acute, prominent, 
and perforated by a minute foramen; margin in front of the hinge-line 
regularly rounded; area small, triangular, nearly flat, the angles which it 
forms with the sides of the shell rounded. Surface of both valves smooth, 
or marked by very fine concentric lines of growth. 

Width, two millimeters; length a little less; height a little less than 
the length. 

This species, although so minute, seems to be a well-marked one, and 
possesses all the usual external characteristics of Acrotreta, except that the 
ventral valve is not so capacious as it generally is in that genus. It differs 
from A. gemma Billings, from strata of the age of the Quebec group in New- 
foundland, in the less proportionate height of the ventral valve, and in the 
absence of a mesial sinus in the dorsal valve. 

Position and locality—Strata of the age of the Quebec group of Canada; 


Schellbourne, Schell Creek range, Nevada. 


Orpver ARTHROPOMATA. 
Famity STROPHOMENIDA. 


GENUS STROPHOMENA Rafinesque, 1827. 
Strophomena fontinalis White. 
Plate III, fig. 4 a, b, and ¢. 
Strophomena fontinalis White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Voss., 10. 

Shell moderately concavo-convex or nearly flat ; outline semj-elliptical ; 
width from one-quarter to one-third greater than the length; width at the 
hinge-line varying from a little more to a little less than it is just in front 
of the hinge. Ventral valve slightly convex or somewhat flattened; con- 
vexity greatest behind the middle. Dorsal valve slightly concave, and in 
other respects corresponding with the ventral. Hinge and interior of both 
valves unknown. 

Surface of both valves marked by fine, uniform, rounded, radiating 


strix, which increase by bifureation, and give the surface an appearance 
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similar to that of the well-known Strophomena fragilis Hall, from the 
Devonian strata of New York and other States. Fine concentric striz are 
also visible under a lens. 

Length, eighteen millimeters; breadth, twenty-four millimeters. 

This species resembles S. recta Conrad in outline, but the surface- 
markings are quite different. It also bears a general resemblance to S. aurora 
Billings, but differs in having rounded strize of uniform size instead of the 
angular striz of variable size which that species possesses. 

Position and locality —Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. 

GENUS ORTHIS Dalman, 1828. 
Orthis Electra Billings (?). 

Among the collections made at Fish Spring, House range, Utah, from 
strata of the age of the Quebec group of Canada, are a few imperfect 
specimens of a species of Orthis that is very closely related to O. Electra 
Billings (Paleozoic Fossils of Canada, vol. I, page 79), if it is not identical 
with it. In outline, convexity, and the fine striation of the surface, our 
specimens agree closely with it, but the size is considerably greater than 
that given for O. Electra. The width at the hinge-line of the largest speci- 
men is about sixteen millimeters. 


MOLLUSCA VERA. 


Ciass GASTEROPODA. 


Susciass DIGECA. 

Orpver RHIPHIDOGLOSSA. 
SUBORDER DICRANOBRANCHIATA. 
Famity BELLEROPHONTIDA. 
‘GENUS BELLEROPHON Montfort, 1808. 
Bellerophon allegoricus White. 

Plate III, fig. 6 a, b, and e. 


Bellerophon allegoricus White, 1874, Expl. & Sury. west 100th Merid., Prelim. Rep. 
Invert. Foss., 10. 


Shell not above medium size, rather compact, wnbilicated ; umbilicus 
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very small; aperture expanded, greatest expansion at the sides, giving it a 
reniform outline; outer volution abruptly convex transversely ; lip having 
a moderately large deep notch in front, of uniform width, the sides being 
parallel, and rounded at the bottom; of equal width, and continuous with 
this notch, there is a slightly-elevated, rounded, dorsal band extending along 
the center of the volution until it enters the aperture. Surface-markings 
not preserved in any of the specimens of the collection. 

Extreme width across the aperture, eighteen millimeters; postero- 
anterior diameter of the shell, seventeen millimeters. 

Although the specimens are imperfect in some respects, they are suf- 
ficently well preserved to show that they represent a species quite unlike 
any other known to me from any of the older Paleozoic rocks. 

Position and locality—Strata of the age of the Quebec group of Canada; 
Fish Spring, House range, Utah. | 


CLAss CEPHALOPODA. 
Orver TETRABRANCHIATA. 
Famity ORTHOCERATIDA. 


TENUS ORTHOCERAS Breynius, 1782. 
Supcrencs CAMAROCERAS Conrad, 1842. 
Orthoceras (Camaroceras) colon White. 
Plate III, fig. 5 a, b, c, and d. 


Orthoceras colon White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Toss., 10. 


Shell annulated, very slightly tapering; transverse section oval; 
siphuncle large, peripheral, in contact with one of the broadly-rounded 
sides, its diameter equal to about one-third the short diameter of the shell; 
septa smooth; convexity nearly uniform, reaching farther forward at the 
narrower sides than at the broader ones; annulations broadly rounded, 
passing sinuously around the shell, the sinuosity being greater upon one of 
the broad sides than it is upon the other; interspaces nearly corresponding 
in width and curvature with the annulations. Surface-markings unknown. 

Long diameter, eighteen millimeters; short diameter, fifteen millime- 


ters; distance from center to center of the annulations, six millimeters. 
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The only specimen contained in the collections is the one figured on 
Plate III. It has the appearance of being slightly curved, as shown in 
figure 5 ¢c, which, if natural, of course removes it from the genus Orthoce- 
ras; but, as the specimen has been a little compressed at one end, it is 
thought the curvature is due to that cause alone. If originally straight, as 
it is thought to have been, it properly belongs to the subgenus Camaroceras 
of Conrad, as is shown by the large peripheral siphuncle. 

Numerous annulated species of Orthoceras have been published, but 
the one here described possesses characteristics that seem to clearly distin- 
guish it from them all. Compared with O. pulchrwm Barrande, it differs in 
having sinuated instead of direct annulations, an oval instead of a circular 
transverse section, and in having a larger siphuncle, which is also peripheral 
instead of central. From O. annulatum Sowerby, as figured and described 
by Barrande (not Endoceras annulatum Hall), it differs in its proportionally 
narrower annulations as compared with the interspaces, its oval instead of 
circular or nearly circular transverse section, and in its larger and periphe- 
ral instead of central siphuncle. From 0. dulce Barrande, it differs in its oval 
nstead of circular transverse section, and in its larger siphuncle, which is 
also peripheral instead of central. From O. undulostriatum Hall, it differs in 
the course of its sinuous annulations, which both species possess, and in its 
much larger and peripheral instead of central siphuncle. With O. furtivum 
Billings from the Calciferous formation of Canada, it is closely related in 
the character, size, and position of the siphuncle, but differs in its oval 
instead of circular transverse section, and also in the direction and character 
of the annulations. ; 

Position and lecality.—Strata of the age of the Quebec group of Cariada ; 
Fish Spring, House range, Utah. 


Famity CYRTOCERATIDA, 


GrENuS CYRTOCERAS Goldfuss, 1833, 


(?) 
Among the collections from strata of the age of the Quebec group, at 


Cyrtoceras 


Fish Spring, House range, Utah, there is a specimen of Cyrtoceras, too 
imperfect for specific characterization, but which resembles in general aspect 
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C. metellus Billings, from the Quebec strata of Canada. The curvature and 
proportions are similar to those of that species, and the septa are equally 


numerous and close-set. 


ARTICULATA. 


CLASS CRUSTACEA. 
Orprer OSTRACADA. 


Famity CYPRIDINIDA. 
Genus LEPERDITIA Rouault, 1851. 
Leperditia bivia White. 
Plate III, fig. 7, a, b, ¢, and d. 
Leperditia bivia White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 11. 

Shell not quite equivalve, inflated, the greatest transverse diameter 
being about midlength and below the middle; obliquely subovate in out- 
line, widest behind the middle; the straight hinge-line about equal in 
length to two-thirds the entire length of the shell, and ending both poste- 
riorly and anteriorly in a small, distinctly projecting angle, which it forms 
with the anterior and posterior margins respectively; posterior margin 
obliquely rounded, and provided with a moderately broad, somewhat flat- 
tened, border; anterior margin abruptly rounded, having also a similarly- 
flattened border; the flattening of the borders of both valves and at both 
ends becoming obsolete upon reaching the ventral margin, which is broadly 
rounded; ventral border of the left valve bent sharply inward, and even a 
little upward, producing a narrow, plain, area-like surface there, which 
tapers to a sharp point at each end, and is nearly equal in length to the 
hinge-line; ventral border of the right valve not bent inward like that of 
the left, but the general convexity of the valve extends to the ventral edge. 
Upon the ventral border of this valve, near its edge, there are two distinct, 


comparatively large pores, which open divergingly upon the surface; the 
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distance between them being equal to a little more than half the length of 
the hinge-line. Kye-tubercle not detected. Surface apparently smooth. 

This species agrees nearly in size with, and bears a close general 
resemblance to, LZ. Canadensis Jones, from the Calciferous sandstone forma- 
tion of Canada; but it may be readily distinguished from that species by 
the prominent angles at the ends of the hinge-line, the laterally-flattened 
anterior and posterior borders, the greater convexity below the middle, and 
by the presence of the two large pores at the ventral border of the right 
valve. 

Position and locality— Strata of the age of the Quebec group of Canada; 
Queen Spring Hill, Schell Creek range, Nevada. 

Collected by Mr. J. E. Clayton. 


Orver TRILOBITA. 
Famity ASAPHIDA. 
GENUS MEGALASPIS Angelin, 1854, 
Megalaspis belemnurus White. 


Plate ITI, fig. 9. 
Megalaspis belemnurus White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 11. 

Pygidium subtriangular in outline, moderately convex transversely, 
and only slightly convex along the median line; length compared with the 
width across its anterior end about as fifteen to twenty-two; each outer 
margin having a wide smooth border, the outline of which is only slightly 
convex except near the antero-lateral angles, where the convexity increases 
and the angles are abruptly rounded; anterior margin moderately convex; 
posterior extremity ending in a short spine-like process; segmentation some- 
what indistinct, but is most apparent upon the anterior portion of the axis; 
trilobation also rather obscure; axis depressed, slightly higher than the 
adjacent portions of the lateral lobes, its width equal to about one-half the 
width of a lateral lobe, ending posteriorly in the elevated terminal portion 
of the pygidium; dorsal furrows moderately distinct upon the anterior half 
of the pygidium but become obsolete posteriorly; lateral lobes slightly 
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convex, indistinctly defined externally by the broad, nearly flat margina 
border; their immer sides more clearly defined, especially their anterior 
portions, by the dorsal furrows. Surface apparently smooth; but this 
character, as well as the remainder of the body, is unknown. 

Length of the pygidium from the front end to the base of the caudal 
spine, fifteen millimeters; width of the same between the antero-lateral 
angles, twenty-two millimeters. 

This species is closely related to Asaphus (Megalaspis) goniocercus Meek; 
but it differs from that species in its less distinctly triangular outline, its 
greater proportionate width, its proportionally narrower axis, and rather 
more distinct dorsal furrows. In general aspect, the pygidium of our species 
resembles that of a Dalmanites, but the obscure trilobation and segmenta- 
tion separate it from that genus. It has not.so complete a consolidation of 
the component elements of the pygidium as Asaphus has; and no striation 
of the under surface of the marginal border has been observed, such as is 
common in the genus Asaphus. 

Position and locality—Strata of the age of the Quebec group of Canada; 
Queen Spring Hill, Schell Creek range, Nevada. 

Collected by Mr. J. E. Clayton. 


FAMILY ———(?). 
Grnus DICELLOCEPHALUS Owen, 1852. 
Dicellocephalus? flagricaudus White. 


Plate II, fig. 8 a and b. 
Dicellocephalus flagricaudus White, 1874, Exp. & Sury. west 100th Merid., Prelim, Rep. 
Invert. Foss., 12. 

Pygidium contracted-fan-shaped; lateral lobes each consisting of three 
segments directed backward; the inner one of each side lying close to the 
dorsal furrow, nearly parallel with the axis of the body or converging a little 
posteriorly, and becoming obsolete upon each side of a small, but com- 
paratively wide, sloping border that extends around the posterior end of 
the axial lobe. 


The middle pair of segments commence at the dorsal furrow of each 
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side respectively near the anterior end of the pygidium, bend abruptly, 
and extend backward parallel with the first, and project beyond the border 
as converging posterior spines. The third and outer pair of segments com- 
mence anteriorly at the dorsal furrows, where they are very narrow, extend 
outward a little, then curving abruptly backward they lie parallel with the 
others and form raised lateral margins of considerable but unequal width 
to the pygidium, and thence they extend posteriorly as an outer pair of 
converging spines. Axis prominent, especially at its apex, where it terminates 
in a moderately distinct angle, about one-quarter wider anteriorly than 
posteriorly, well defined by the nearly straight dorsal furrows, and marked 
by five or six distinctly defined segments, which cross it almost transversely, 
but with a slightly sinuous course. 

Length of the pygidium along the median line, seven millimeters; 
greatest transverse diameter, nine millimeters. 

The collections contain only the pygidium of this species, and I have 
therefore referred it doubtingly to Dicellocephalus, although it might perhaps, 
with equal propriety, be referred to Amphion. It has a general resemblance 
to the pygidium of D. magnificus Billings, and a still closer resemblance to 
D.? cora Billings, from the Quebec group of Canada. 

Position and locality—Strata of the age of the Quebec group of Canada; 
Schellbourne, Schell Creek range, Nevada. 


62 TRENTON PERIOD. 


CHAPTER Vv: 


TRENTON PERIOD. 


RADIATA. 


CLAss HY DROZOA. 
Orver HYDROIDA. 
Famity GRAPTOLITIDA. 
Genus GRAPTOLITHUS Linneus, 1736. 
Suncrnus CLIMACOGRAPTUS Hall, 1865. 
Graptolithus (Climacograptus*) ramulus White. 
Plate IV, fig. 3 A b, and e¢. 


Graptolithus (Climacograptus) ramulus White, 1874, Exp. & Surv. west 100th Merid., 
Prelim. Rep. Invert. Foss., 13. 

Stipe slender, bifurcating; bearing cells upon, both edges below the 
bifurcation and upon one edge only (the outer) above that point, so that 
each series of cells is continuous from the common, proximal, extremity to 
the distal extremities of the branches respectively. The body of the stipe 
throughout is moderately thin and flat, but the cells are inflated so that 
their transverse diameter is considerably greater than the thickness of the 


stipe; cells moderately large, each bearing upon its outer wall about mid- 


*T am inclined to think that the two groups into which Professor Geinitz has divided his genus 
Cladograpsus should be designated by separate generic or subgeneric names. In that case, it seems proper 
that his first group should retain the name Cladograpsus, which would replace Climacograptus of Profes- 
sor Hall, while the second group seems to agree with Didymograpsus of Professor McCoy. Possibly, how- 
ever, the peculiar character of the cells of the species above described may hereafter require a new generic 


designation. 
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height a slender outward-projecting spine. The cells are of peculiar shape, 
as shown in the enlarged figures on Plate IV, and their apertures appear to 
have been lateral, but of this I am not entirely satisfied. If they are so, it 
is rather remarkable that they are all upon one side, in view of the fact that 
bilateral symmetry of the stipe is so prevalent throughout the family. 

This species has the general aspect of G. ramosus Hall from the dark 
shales at Norman’s Kill near Albany, New York, and before its microscopic 
examination it was supposed to be identical with it. It is found, however, 
to differ very materially in the form of its cells and the character of the 
stipe, as may be seen by comparing our figures with those of G. ramosus 
on Plate A, Decade I, Geological Survey of Canada. 

Among these differences, there is one at least that seems to modify its 
relation to the subgenus Climacograptus, and especially to that section of it 
to which G. ramosus is assigned by Professor Hall. This is the presence of 
inflated cells of irregular form, projecting from the general surface of the 
stipe, instead of having the cells short and square, and hollowed out of 
the body of the stipe,—characters which are understood to distinguish Cl- 
macograptus. Among the specific differences between our species and G. 
ramosus are the different proportions and shape of the cells, the presence 
of spines upon all of them in our species instead of upon a part only, and 
the position of the spines about midway instead above the cell-aperture as 
in that species. 

Position and locality—Shales, probably of the age of the graptolitic 
shales at Norman’s Kill near Albany, New York; five miles north of Bel- 
mont, Nevada, where it is associated with the three following-described 
species. 

SuBGENuS DIPLOGRAPTUS M’Coy, 1850. 
Graptolithus (Diplograptus) hypniformis White. 
Plate IV, fig. 4 a and Db. 
Graptolithus (Diplograptus) hypniformis White, 1874, Exp. & Surv. west 100th Merid., 
Prelim. Rep. Invert. Foss., 12. 

Stipe simple, slender; sides flat; edges nearly straight and nearly 

parallel; the increase in width from the proximal or basal end toward the 


distal end being very slight, except near the base; serratures deep, narrow, 
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sharply rounded or angular at the bottom; inner and outer sides both ris- 
ing at acute angles with the axis of the stipe, those of adjacent cells join- 
ing together to form moderately long, slender, mucronate points, which are 


oO 


directed strongly upward between the cells. At the basal end of the stipe 
small, downward-diverging points are sometimes seen, such as those pos- 
sessed by G. Whitfieldi Hall, and other allied species; like those species 
also, ours has a slender, thread-like -axis, passing longitudinally through the 
center of the stipe and extending beyond the distal cells; serratures, or cells, 
about twelve in the length of a centimeter, but they have the aspect of 
being somewhat more numerous, because of the narrowness of the cells 
occasioned by the acuteness of the angle which the cell-axes form with the 
axis of the stipe. Exterior width of the stipe between the mucronate points 
of each side often less than two millimeters, and seldom more. Length of 
stipe, from one to three centimeters. 

Upon the pieces of graptolitic shale in the collections are numerous 
stipes doubtless belonging to this species, but most of them have their 
details of structure so far obscured that it is difficult to distinguish them; 
the mucronate points between the cells, being delicate, are often removed, 
in which case the serratures have a blunted appearance. ‘The more perfect 
stipes have somewhat the aspect of portions of those of Hypnum, or other 
related mosses, which circumstance has suggested the specific name. 

This species is related to G. Whitfieldi Hall from the graptolitic shales 
at Norman’s Kill near Albany, New York; but the prolongations of the cell- 
walls are mucronate, pointing upward, in ours, and ‘not seteeform, pointing 
outward, as in that species. Ours is also a smaller and more slender species, 
and has proportionally narrower cells. 

Position and locality—Shales, probably of the age of those at Norman’s 
Kall, near Albany, New York; five miles north of Belmont, Nevada, where 
it is associated with the last described, and also with the two following 


species. 
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Graptolithus (Diplograptus) pristis Hall, (?). 


Plate IV, fig. 2 @ and b. 
? Prionotus pristis Hisinger, 1837, Lethaa Suecica, 114. 
Graptolithus pristis Hall, 1847, Paleontology of New York, i, 265. 

Stipe flattened; outline of the broader sides sublinear or very elongate- 
oblanceolate; cells moderately large, their upper sides or apertures being 
transverse and the outer sides sloping directly downward and inward gives 
the edges of the stipe a distinctly dentate appearance as it is compressed 
in the shale. Like related species, this has a slender thread-like axis passing 
longitudinally through its middle and extending beyond the distant cells. 

In my preliminary report on these collections, this species was con- 
founded with G. quadrimucronatus Hall? ; fragments of the two species 
being mingled in the same pieces of shale. This circumstance modified 
my description of that species, but the correction is made in this report 
from the study of more perfect specimens. Our examples show some 
differences from the typical forms of G. pristis, but they correspond so 
nearly with them that I do not at present feel warranted in proposing a 
separate specific name. 

Position and locality—Shales of the Trenton period, probably of the 
Utica epoch; five miles north of Belmont, Nevada, where it is associated 
with the two species last described, and also with the following one. 


Graptolithus quadrimucronatus Hall (?). 
Plate IV, fig. 1 a and Db. 


Graptolithus quadrimucronatus Hall, 1865, Geol. Surv. Canada, decade ii, 144. 
Graptolithus quadrimucronatus ? White, 1874, Exp. & Sury. west 100th Merid., Prelim. 
Rep. Invert. Ioss., 13. 


Stipe quadrilateral, transverse section oblong, gradually but slightly 
increasing in diameter from the proximal or basal end to about midlength, 
where the maximum size is reached; cells opening on the two narrower 
sides of the stipe; their apertures opening obliquely upward, being narrow, 
transverse, four-sided slits of uniform size, about half as wide as the inter- 
spaces, their length equaling the full diameter of the stipe; the outer 


corner of each cell-aperture provided with a minute projecting point. 
oF 
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The specimens of the collection are all compressed upon shale; but 
there are among them examples of stipes compressed in the various postures 
they happened to assume when prostrated. These enable us to make out the 
structure as above indicated with comparatively little difficulty. Without 
bearing in mind the quadrilateral form of the stipe, one may mistake the 
contusion of details which the laterally-compressed specimens exhibit for 
examples of two stipes of an ordinary Diplograptus lying parallel and com- 
pressed together; but the adjustment and uniformity of the parts show 
that they all belong to a single body. 

This species, so far as can be determined from the specimens of the 
collection, is so closely like G. quadrimucronatus Hall, from the “Utica slate 
formation, Lake Saint John, east from Blue Point”, that I prefer to assign 
it provisionally to that species rather than to a new one. Our specimens, 
however, are more delicate and slender, and the mucronate points much 
less conspicuous than they are in the typical forms. The cells are also a 
little more prominent and the cell-apertures proportionally wider vertically. 

Position and locality —Shales, probably of the age of those at Norman’s 
Kill, near Albany, New York; five miles north of Belmont, Nevada, where 


it is associated with the three species last described. 


CLass ACTINOZOA. 
Orver ZOANTHARIA. 
Famity FAVOSITIDA. 
GrNus MONTICULIPORA @Orbigny, 1850. 


Monticulipora Dalii Edwards and Haime. 


Plate IV, fig. 5. 
Chatetes Dalii Edwards et Haime, 1851, Monographie des Polypiers Fossiles, 266. 


Coral dendroid; the branches cylindrical, six or eight millimeters in 
diameter; surface marked by small, slightly-raised mammillations, distant 
two or three times their own diameter from each other; calyces subequal 


in size, about one-quarter of a millimeter in diameter. 
. 7 
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Our specimen presents no material difference from the figures and 
description given by Edwards and Haime, and it evidently belongs to that 
species. Their type-specimens were obtained by de Verneuil from. strata 
of the Trenton period in Ohio. 

Position and locality—Strata of the age of the Trenton period; Silver 


Canon, Pahranagat range, Nevada. 
GENUS FAVOSITES Lamarck, 1816. 


Favosites 


(?). 


Among the collections are some specimens of Favosites that were 
obtained from strata of the Cincinnati epoch, both at Silver City and Upper 
Mimbres Mining Camp, New Mexico. They have been mostly silicified, 
by which change their wall-pores and other minute details of structure 
have been obliterated. 

The specimens have the general aspect of F. Gothlandica, and, indeed, 
of several other admitted species also. But in view of the small number of 
characteristics possessed by even well-preserved specimens of this genus 
that may be relied upon for specific discrimination, and also of the imper- 
fect condition of the specimens contained in the collections, no specific des- 
ignation is given them. 


Faminry THECIDA. 


Genus FAVISTELLA Hall, 1847. 


Favistella stellata Hall. 
Plate IV, fig. 6 a, b, and ce. 
Favistella stellata Hall, 1847, Paleontology of New York, i, 275. 
Columnaria alveolata Edwards et Haime, 1851, Monographie des Polypiers Fossiles, 309. 
Favistella stellata Hall, 1862, Geol. Wisconsin, i, 430. 
avist ella stellata Dana, 1862, Manual Geol., 220; ib., 2d ed., 1874, 204. 

Coral forming an irregular compact or subhemispherical mass; cells 
varying in diameter from two to four millimeters, the average being about 
three millimeters ; the number of sides of each cell also varying from four 
to seven; diaphragms numerous, flat, or nearly so, at their central por- 


tions, but are bent downward a little at their margins, where they join the 
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vertical walls, which gives them the appearance of being slightly convex; 
some ten or twelve rays, or dissepiments, extend upon the surface of each 
diaphragm, from the walls to its center; walls well developed and vertically 
striated as if by undeveloped rays. 

I am unable to perceive any specific difference between the specimens 
contained in the collections and those which I have collected from the 
localities that furnished Professor Hall with the type-specimens of the 
species. 

Not having the means at hand for making a critical investigation of 
the grounds upon which Edwards and Haime referred this species to Colwm- 
naria alveolata Goldfuss, rejecting both the genus and species as established 


by Professor Hall, I make use of the names given by the last-named 
author. I do this with little hesitation, not only for the reason just 


stated, but also because the fossil under consideration is widely known and 
generally recognized by that designation among American geologists. 

The specimens of the collection are all silicified, by which means they 
have lost some of their finer markings and details of structure; but a few of 
the cells are in a fine state of preservation. 

Position and locality—Strata of the Trenton period, Cincinnati epoch ; 
Silver City, New Mexico. 


Famity CYATHOPHYLLIDA. 


GENUS ZAPHRENTIS Rafinesque et Clifford, 1820. 


Zaphrentis (?). 

Some specimens of Zaphrentis were also obtained from the strata of 
the Cincinnati epoch, at Silver City, New Mexico. They are either too 
imperfect or possess too few characters to distinguish them specifically, and 
they are noticed only for their generic value in a faunal summary of the 
strata of that region that I have referred to the Trenton period. 
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MOLLUSCA. 


MOLLUSCOIDEA. 


Ciass BRACHIOPODA. 
Orper ARTHROPOMATA. 


Famuy STROPHOMENIDA. 
Genus STROPHOMENA Ratfinesque, 1827. 
Strophomena filitexta Hall. 

Plate IV, fig. 8. 


Leptena filitexta Hall, 1847, Paleontology of New York, i, 112. 
Strophomena filiterta Hall, 1859, 12th Reg. Rep. N. Y. State Cab., 70. 
Strophomena filitexta Meek, 1873, Paleontology of Ohio, i, 83. 


Shell a little above medium size compared with other species of the 
genus; concavo-convex, semi-oval or subsemicircular in outline ; widest at 
the hinge-line, or, in rare cases, a trifle narrower there than it is a little 
farther forward; sides generally forming an angle of about forty or forty- 
five degrees with the hinge-line ; lateral and front margins continuously 
rounded, with a nearly semicircular curve. 

Dorsal valve depressed or flattened in the umbonal region, but some- 
what regularly arching from that part to the front and lateral margins ; 
beak hardly distinguishable as such; area very narrow, projecting directly 
backward. 

Ventral valve broadly concave, except near the beak, where it rises into 
a slight convexity; beak small, not prominent; area moderately high, its 
posterior or outer border sloping a little laterally but not forming an acute 
angle at the hinge-extremity with its cardinal or inner margin; foramen 
triangular and closed by a prominent pseudo-deltidium ; hinge-teeth well 
developed; dental laminze continuous from the bases of the teeth with a 
prominent ridge, which almost or entirely encircles the concave depression 
occupied by the muscular sears; this depression sometimes having a narrow 


ridge extending longitudinally through its middle ; cardinal margin of the 
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area sharp; anterior and lateral margins of the valve thickened and 
roughened by the vascular markings, which are much less distinct within 
the thickened border than they are upon it. 

Surface of both valves marked by fine, close-set, radiating strive, often 
of somewhat unequal size, the smaller ones being those that are implanted 
at various distances from the beak between those that are continuous from 
it to the margins; under a lens, the radiating striz are seen to be finely 
crenulated by the crossing of numerous delicate concentric striz. 

Compared with authentic specimens of S. filitexta, and also with those 
of associated species to which it is closely related, our specimens correspond 
most nearly with those of the species to which they are here referred, 
although they present some slight differences. 

Length, twenty-two millimeters; breadth, thirty-four millimeters. 

Position and locality—Strata of the Trenton period, Cincinnati epoch; 
Silver City, New Mexico. 


GENUS LEPTAINA Dalman, 1828. 


Leptzna sericea Sowerby (?). 
Plate IV, fig. 7. 

Among the fossils collected at Silver City, New Mexico, from strata 
that are unmistakably referable to the Cincinnati epoch, are a few imperfect 
specimens of Leptena that I refer with some doubt to the species generally 
recognized in America as L. sericea Sowerby. The specimens are too 
impertect to base a specific description upon, but enough is shown to indicate 
that if they are not specifically identical with L. sericea, they belong to a 
closely-related and representative species. 


GENUS ORTHIS Dalman, 1828. 


Orthis occidentalis Hall. 
Plate IV, fig. 11 a and b. 


Orthis occidentalis Hall, 1847, Paleontology of New York, i, 127. 
Orthis sinuata Hall, ib., 128. 

Orthis subjugata Hall, ib., 129. 

Orthis occidentalis Meek, 1873, Paleontology of Ohio, i, 96. 


Shell moderately large, suboval or subquadrate in outline, the trans- 


TRENTON PERIOD. 71 


verse diameter being greater than the longitudinal; dorso-ventral diameter 
comparatively small in young shells, but it increases with age, so that some 
old shells are very ventricose ; hinge-line sometimes a little less than the 
greatest width of the shell, but generally about equaling it; usually, the 
antero-lateral margins are regularly rounded and the front a little emargi- 
nate; postero-lateral margins generally almost straight from about the mid- 
length of the shell to the extremities of the hinge-line, with which they 
form more or less distinct angles. 

Dorsal valve more’ convex than the ventral, even in the young, and it 
increases In convexity with age more than the ventral valve does; greatest 
convexity at or behind the middle, an indistinctly-defined longitudinal 
depression, or mesial sinus, is observable in many shells, but in some it is 
absent, even at the front margin, and is represented only by a slight flat- 
tening of the valve in the visceral region; umbo prominent ; beak abruptly 
incurved ; area moderately wide in the middle, narrowing to acute points 
at the extremities of the hinge-line, concave transversely ; foramen broad 
at base, triangular. 

Ventral valve broadly convex, convexity greatest near the beak; sides 
very slightly convex transversely ; mesial sinus scarcely defined on the 
posterior half of the valve, but in front it consists of a broad, usually very 
shallow depression, which becomes obsolete about the middle of the valve ; 
beak moderately prominent; area a little wider than that of the dorsal valve, 
and, like that area, it ends in acute angles at the extremities of the hinge- 
line; this area less arcuate than the other, sometimes arching a little back- 
ward, sometimes vertical with the plane of the valve, and sometimes 
inclining a little forward; foramen triangular, a little higher than wide, 
extending to the apex of the beak. 

Surface of both valves marked by distinct, prominent, radiating striz, 
which increase both by implantation and bifurcation, and are crossed by a 
few concentric lines of growth. 

Mature specimens average about two and a half centimeters in length 
and three centimeters in breadth. The more gibbous specimens of that 
size sometimes reach nearly two and a half centimeters in dorso-ventral 


diameter. 
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Several varieties of QO. occidentalis have been described as distinct 
species. Those of the collections agree well with the typical forms of the 
species, but it is not unlikely that future examinations of the strata from 
which they were collected will reveal associated varietal forms similar to 
those of the typical localities. This shell is one of the most common of 
those which characterize the rocks of the Cincinnati epoch, having been 
found in strata of that age in Ohio, Indiana, Ilinois, lowa, and Wisconsin, 
at which places it is understood to prevail in, if it is not confined to, the 
upper part of the group. 

Position and locality—Strata of the Trenton period, Cincinnati epoch ; 
Silver City, Nevada. 


Orthis testudinaria Dalman (?). 


Associated with the foregoing at Silver City, New Mexico, some 
imperfect specimens of an Orthis were obtained that very closely resemble 
O. testudinaria, but they are not sufficiently perfect to allow of a satisfactory 
determination of their specific identity. Their association in the strata there 
with species that are undoubtedly identical with the common associates of 
O. testudinaria elsewhere adds force to the supposition that our specimens 


belong to that species. 
Orthis plicatella Hall(?). 


Plate IV, fig. 10 a, b, c, and d. 


Orthis plicatella Hall, 1847, paleontology of New York,i, 122. 
Orthis plicatella Meek, 1873, paleontology of Ohio, i, 108. 


Shell rather small suboval or somewhat semi-elliptical in outline, wider 
than long; length of hinge-line generally a little less than the greatest 
breadth of the shell; sides regularly rounded to the front, which is broadly 
rounded with an elliptical curve. 

Dorsal valve not quite so convex as the ventral, most prominent about 
the middle; beak depressed; area directed backward, narrow at the middle, 
and diminishing to a point at each hinge-extremity; foramen triangular, 
broad at its base, comparatively large; muscular scars not distinctly defined, 
but are separated by a comparatively broad, slightly-raised, medial ridge ; 
cardinal process small, narrow, wedge-shaped, the larger end inward, not 
filling the foramen; cardinal sockets small; brachial processes moderately 
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strong, supported by a thin lamina in young shells, and by a still greater 
thickening of shell-substance beneath them in older ones. 

Ventral valve gently arching from beak to front, and also from side to 
side; greatest convexity near the beak, which is abruptly pointed and pro- 
jects backward beyond the hinge-line; area wider than that of the dorsal 
valve, and like that area it diminishes to a point at each extremity of the 
hinge; foramen triangular, extending to the apex of the beak. 

Surface of both valves marked by strong, elevated plications, which 
are slightly flattened, or have a narrow linear depression along the back, 
each interspace also having a corresponding slender, slightly-raised line 
along its middle. So far as observed, all the plications extend without 
interruption from the umbonal region of each valve -to the margins. The 
plications are shown distinctly upon the inner surface of the valves, especi- 
ally at the margins, where also slight linear depressions are seen that mark 
the places of the raised lines between the plications on the outer side. 
Very fine concentric striz are visible under a lens upon the outer surface, 
which, in consequence of erosion probably, are usually more distinct between 
the plications than upon them. 

This shell is referred with doubt to O. plicatella Hall. It agrees with 
that shell in general characters, and yet it presents differences that are at 
least as great as those which separate O. fissicosta Hall from O. plicatella. 
It is also much like O. tricenaria Conrad in some of its features, but seems 
to differ from that shell as much as from 0. plicatella. The differences from 
the latter are the continuity of all (?) the plications from the umbonal region 
to the margin without bifurcation or implantation, the slight flattening or 
depression of the back of each plication, and the presence of the slightly- 
raised lines at the bottom of the interspaces. Since the species is known 
to be a variable one, I am disposed to regard these differences as only 
varietal until further comparisons can be made. 

Length of one of the largest specimens in the collection, fifteen milli- 
meters; breadth, eighteen millimeters; distance from center to center of 
the plications at the front margin, about one and a half millimeters. 

Position and locality—Strata of Lower Silurian age, probably of the 
Trenton period; Fossil Butte, near Hico, Nevada. 
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Orthis biforata Schlotheim, var. lynx. 
Plate IV, fig. 9 a and Db. 

Shell nearly equivalve ; width exceeding the length; hinge-line vary- 
ing in length from a little greater to a little less than the greatest width of 
the shell, usually a little less; cardinal extremities generally more or less 
prominent in either case; cardinal area present and nearly alike in both 
valves ; they are narrow, well defined, each having a triangular foramen ; 
dorso-ventral diameter varying with age from equal to one-half the trans- 
verse diameter to the full extent of the same; in the latter case, the shells 
have a compact subglobose form. 

Dorsal valve having a prominent, well-defined mesial fold, sometimes 
a little rounded but often quite angular, narrow, but distinct at the beak, 
and rapidly increasing in width toward the front; lateral portions convex 
transversely, and regularly arching from front to rear; beak not prominent, 
but arching over the area, and nearly meeting its fellow of the opposite 
valve. 

Ventral valve about equally capacious with the dorsal; convexity of 
its sides similar to that of the sides of the dorsal valve, having a deep 
sinus corresponding with the elevated mesial fold of the other valve; its 
beak also similar in size, prominence, and incurvature to that of the dorsal 
valve. 

The surface of each valve is marked by from eighteen to twenty-six 
strong, usually angular, plications, either three or four of which are at the 
bottom of the mesial sinus, and either four or five of them upon the mesial 
fold. The plications at each side of the mesial fold and sinus are similar 
in character to the others; all being usually simple, or continuous from the 
beak to the margin. 

Length, about twenty-five millimeters; breadth, about thirty-three 
millimeters. 

Several varieties of this exceedingly variable species, both in this country 
and Europe, have been described as distinct species. Its geographical dis- 
tribution being very great, and notices and descriptions of it having been 
published at various times and places during more than one hundred and 


fifty years, ifs synonymy has attained unusual magnitude and diversity. 
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It is too voluminous for transscription here, and the reader is referred to the 
great works of Davidson on the Fossil Brachiopoda for the most complete 
exhibition of it yet published. The specimens contained in the collection 
are all referred to the variety generally known as Orthis lynx Kichwald. 

Position and locality—Lower Silurian strata of the Cincinnati epoch ; 
Silver City, New Mexico, where it is associated with equally well-known 
forms of that epoch. 


Famity RHYNCHONELLIDA. 
GENUS RHYNCHONELLA Fischer, 1809. 
Rhynchonella argenturbica White. 
Plate IV, fig. 12 a, b, ¢, d, and e. 


Rhynchonella argenturbica White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 14. 


Shell somewhat less than medium size, compact, subtrihedral in out- 
line; length and width nearly‘equal; maximum height in old shells nearly 
equal to the width; postero-lateral margins somewhat straightened or 
slightly convex; rostral angle from forty to forty-five degrees; antero- 
lateral margins rounded; front, viewed from the dorsal or ventral side, either 
sinuous or truncate. 

Dorsal valve more convex than the ventral, abruptly arching behind 
the middle; break strongly incurved; mesial fold very prominent, distinctly 
defined even to the umbo, divided into either three or four prominent 
angular or sharply-rounded plications; sides regularly arching to the 
margins, both longitudinally and transversely, but become somewhat laterally 
flattened near the beak; each side marked by from four to seven plications, 
those nearest the mesial fold being of about the same size as those upon it, 
but they become smaller toward, and obsolete upon, the postero-lateral 
margins. 

Ventral valve less capacious than the dorsal, and also less strongly 
arched; beak prominent; mesial sinus deep, occupying about one-half the 
width of the shell at the front margin, its sides abrupt and its bottom bear- 
ing either two or three plications like those of the dorsal fold; sides sloping 


away from the edges of the sinus with less convexity than the sides of the 
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dorsal valve have, and become laterally compressed near the beak; plica- 
tions about seven on each side of the sinus, becoming smaller toward, 
and finally obsolete at, the postero-lateral regions. Both valves have the 
plications distinctly defined to the beaks, and, being sharply angular at the 
front, they give the margin there a sharply zigzag appearance. Besides 
the plications, the surface of both valves is marked by regular and distinct 
lines of growth, which appear more prominent upon the plications than 
between them, giving them a delicately-knotted or crenulated appearance 
in some shells. 

Length and breadth, each about ten millimeters; height, about eight 
millimeters. 

Separated valves of this species somewhat resemble those of R. sub- 
trigonalis Hall, and also, to a less extent, &. Anticostiensis Billings. From 
the first, it differs in its more compact form and its more elevated mesial 
fold; from the latter it differs, in similar particulars, and also in its greater 
approach to an angular outline. 

Position and locality—Lower Silurian strata of the Cincinnati epoch ; 
Silver City and Upper Mimbres Mining Camp, New Mexico. 


CLass CONCHIFERA. 
Orper HETEROMYARIA. 
Famity MYTILIDA. 

GuNus MODIOLOPSIS Hall, 1847. 


Modiolopsis 


(?). 


Among the collections made at Upper Mimbres Mining Camp, New 
Mexico, are some specimens of a Conchifer that evidently belong to the 
genus Modiolopsis Hall. They are too imperfect for specific characteriza- 
tion, and are noticed only for their generic value in stratigraphical determi- 
nations, and for the purpose of giving a full account of the fossils collected 
at that interesting locality. 
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CLASS GASTEROPODA. 


Suspcutass DICECA. 
Orper RHIPHIDOGLOSSA. 


SuBoRDER PODOPHTHALMA. 
Famity MACLURAIDA. 
GENus MACLUREA Le Sueur, 1818. 

(?). 


On Amargosa range, at the head of Amargosa Desert, Nevada, a single 


Maclurea 


specimen of Maclwrea was found in a mass of rock not im situ. Like the 
species last noticed, it is too imperfect for specific determination, and is 
noticed here only because of the value the genus possesses in stratigraph- 
ical determinations. The mass of rock in which it was found had not prob- 
ably been far removed from its original position, and therefore the presence 
of Silurian strata in that neighborhood is inferred. 


Famity PLEUROTOMARIID. 
GENUS RAPHISTOMA Hall, 1847. 
Raphistoma trochiscus Meek. 
Plate IV, fig. 13 a, b, and e. 
Euomphalus (Raphistoma?) trochiscus Meek, 1870, Proceed. Phila. Acad, Sci., 61. 


Shell small, sublenticular; spire very slightly convex; suture not’ dis- 
tinet; volutions three or four, flattened-convex both above and below, thin 
and sharply rounded at the outer side; inner or umbilical side not so 
sharply rounded as the outer; the inner third of the upper side impressed 
to receive the outer portion of the broadly-rounded lower side of the next 
volution within. The inner edges of the volutions are separate from each 
other within the umbilicus, but the outer edge of each is so nicely joined 
upon the next outer one that the convexity of the outer part of the upper 


side of each volution forms a part of the continuous convexity of the spire. 
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Width of the umbilicus about equal to the transverse diameter of the aper- 
ture, which is a little greater than one-third of the full transverse diameter 
of the shell. 

Transverse diameter of the shell, nine millimeters; height of same, two 
and a half millimeters. 

This shell differs slightly from the species as described and figured by 
Mr. Meek (loc. cit.), but it is probable that it is not specifically different. 

Position and locality—Silurian strata, probably of the Trenton period; 
Ewell’s Spring, Arizona (lower horizon). 
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CHAPTER VI. 


CARBONIFEROUS AGE. 
SUBCARBONIFEROUS PERIOD. 


RADIATA. 


=a NAN Ti 
CLAss ACTINOZOA. 
Orver ZOANTHARIA. 
Famity FAVOSITIDA. 
Genus FAVOSITES Lamarck, 1816. 
Favosites divergens White and Whitfield. 
Plate V, fig. 4. 
Favosites White and Whitfield, 1862, Proc. Boston Soc. Nat. Hist., viii, 306. 
Favosites divergens White and Whitfield, 1862 (manuscript). 
Favosites divergens Winchell, 1865, Proc. Acad. Nat. Sci. Phila., 112. 


Favosites Whitfieldi White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 15. 


Coral irregularly flattened-convex or subhemispherical; cells abruptly 
diverging from the base, increasing interstitially; apertures unequal in size, 
the smaller ones being those of beginning interstitial cells; vertical walls 
comparatively strong; diaphragms thin, about three within a space equal 
to the diameter of a cell. Diameter of cells from two to three millimeters. 

The only specimen which the collection contains is silicified and partly 
imbedded in limestone, so that the finer details of structure have been 
obscured; but it is sufficiently perfect to indicate with little or no doubt its 
identity with F. divergens. So far as I am aware, no other species of this 
genus has been discovered in the Subcarboniferous rocks of North America, 
nor in any rocks of later than Devonian age. This statement is made upon 
the supposition that Javosites? mancus Winchell from the Goniatite lime- 
stone of Indiana is nota true Favosites. The type-specimens of this species 


were obtained from the Subearboniferous strata at Burlington, Iowa, where 
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it is rare. When the description of the species was first published, the 
specific name was inadvertently omitted, but was added-in manuscript to 
the copies of the memoir that were separately distributed. When publish- 
ing the preliminary report upon these collections, it was my intention to 
compliment my friend by giving his name to the species; but, fmding that 
the manuscript name had been used in the publications of Professor Win- 
chell, I erased the personal name and restored the original one, but the 
the typographical correction was inadvertently omitted. 

Position and locality—Strata of the Subcarboniferous period; Evwell’s 
Spring, Arizona (upper horizon), where it is associated with the two follow- 
ing species. 

GENUS SYRINGOPORA Goldfuss, 1826. 
Syringopora Harveyi White (?) 

Among the fossils collected from the Subcarboniferous strata at Ewell’s 
Spring, Arizona (upper horizon), there are a few examples of Syringopora. 
Their specific characters, indefinite enough in the most perfect specimens 
of the genus, are obscured by being imbedded in hard siliceous limestone. 
They closely resemble S. Harveyi White from the Kinderhook formation 
of the Subcarboniferous period at Burlington, Iowa, and, as no other species 
of the genus is known to me in that horizon, they are referred to the species 


named. 
CLASS ECHINODERMATA. 
} Orver BLASTOIDEA. 
Famitry PENTREMITIDA. 
GENUS GRANATOCRINUS Troost, 1850. 
Granatocrinus lotoblastus White. 


Plate V, fig. 3 a and b. 


Granatocrinus lotoblastus White, 1874, Exp. & Sury. west 100th Merid., Prelim. Rep. 
Invert. Foss., 15. 


Body subelliptical in outline by side-view; greatest breadth about the 
middle ; distinctly but not very deeply pentalobate at the base, truncate 
at top; base depressed; basal plates very small; radial plates apparently 
very short, and embracing only the lower extremities of the pseud-ambu- 
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lacral areas; interradial plates long and narrow, apparently reaching the 
summit ; a comparatively shallow vertical furrow extending along the mid- 
dle of each; pseud-ambulacral areas prominent, narrow, reaching down to, 
or below the plane of, the basal plates. 

Our only example is silicified and partly imbedded in siliceous lime- 
stone, whereby the finer details of structure and ornamentation, including 
the structure of the parts at the anal side of the summit, are obscured; but 
the more conspicuous features are sufficient to indicate its specific separa- 
tion from any similar form known to me. 

Height, nine millimeters; transverse diameter, severr millimeters. 

In general aspect, this little Granatocrinus is much like G@. melo (= Pen- 
tremtes melo Owen and Shumard) from the Subcarboniterous strata at Bur- 
lington, Iowa; but it differs from that species in its less robust form, and in 
not possessing the distinct longitudinal lobes that suggested to those authors 
its specific name. 

‘In that species also, the pseud-ambulacral areas are more or less 
depressed below the general surface of the interradial plates, while in ours 
those parts are the most prominent portions in the outline of a transverse 
section of the body. If the generic identification of this fossil as distinct 
from Nucleocrinus is correct, as it is believed to be, there seems to be no 
reason for questioning the Subcarboniferous age of the strata containing it, 
since the genus as thus restricted is understood to be confined to strata of 
that period alone. The Subcarboniferous age of the strata is also indicated 
by other types of that period associated with this species. 

Position and_locality—Strata of the Subcarboniferous period; Ewell’s 
Spring (upper horizon), Arizona. 


Orpver CRINOIDEA. 
Famity PLATYCRINIDA. 
Grnus PLATYCRINUS Miller, 1821, 
Platycrinus ——— (?). 
Plate V, fig. 2. 
Upon the weathered surface of a piece of limestone in the collections, 
there are three or four more or less imperfect Crinoids. They are partly 
6 F 
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imbedded in the limestone, and partly defaced by weathering. One of these 
is a Platycrinus, as shown by characters other than the body-plates, the 
exact outlines of which are obscured by the injury the specimen has suf- 
fered. The outline of the calyx is shown, however, being broad cup- 
shaped, the base slightly depressed at the middle; arms bifureating two or 
three times; branches of arms slender; the whole upper part of the body 
prolonged into a proboscidiform dome, which has a height equal to about 
three times that of the calyx, and stands erect between the arms; stem 
slender, composed of joints of unequal size. 

Breadth of the calyx about eight millimeters ; height, five millimeters ; 
height from base of the calyx to the top of the proboscidiform dome, two 
centimeters ; the arms were capable of being extended nearly a centimeter 
farther. The apparent breadth of the calyx has possibly been increased a 
little by pressure; but the general proportions have evidently not been 
much changed. 

This species is a delicate one in all its parts. Except that it is not 
nearly so rubust, nor so large, it resembles P. levis Miller, as figured by de 
Koninck and le Hon (Recher. Crinoides du Terr. Carb. de la Belgique). 
Judging from the general features of the fossil and such details as its con- 
dition allows of being observed, it seems to belong to an undescribed 
species, but of this I am not entirely satisfied. In case the discovery of 
more perfect specimens should show the species to be new, I propose for it 
the name of P. vexabilis. 

Position and locality—Strata of the Subcarboniferous period ; Mountain 
Spring, old Mormon road, Nevada. 


Famity ACTINOCRINIDA. 
Genus ACTINOUCRINUS Miller, 1821. 
Actinocrinus viaticus White. 
a Plate V, fig. 1. 


Actinocrinus viaticus White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 16. 


Body below the arms broadly turbinate; arms slender, somewhat flat- 
tened laterally, apparently numbering thirty in all, the two full rays and 
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one-half of another shown by the specimen bearing such proportionate 
numbers. The appearance of branching of the arms begins below the 
periphery of the body, where, starting as if for simple pairs, they almost 
immediately bifureate, the two inner branches of the twe pairs thus formed 
again bifurcating at or just beyond the periphery, the two outer branches 
of each original pair remaining simple. Surface of the body-plates marked 
by sharp, radiating ridges, which give the whole surface below the arms a 
confused, cancellated appearance. 

Breadth of the body at its periphery, about eighteen millimeters. 

The body of this species resembles in general aspect that of A. probos- 
cidialis Hall, and also that of A. asperimus Meek and Worthen, both from 
the Subcarboniferous limestone at Burlington, Iowa; but it differs from both 
in shape, in its more delicate surface-ornamentation, and in the different 
character and branching of the arms. 

Position and locality.—Strata of the Subcarboniferous period ; Mountain 
Spring, old Mormon road, Nevada. 


MOLLUSCA. 


MOLLUSCOIDEA. 


CLASS BRACHIOPODA. 
Orper ARTHROPOMATA. 


Famitry PRODUCTID. 
GENUS PRODUCTUS Sowerby, 1812. 


Productus parvus Meek and Worthen. 
Plate V, fig. 6 a and b. 


Productus parvus Meek and Worthen, 1866, Geol. Surv. of Ilinois, ii, 297. 


Shell small, subhemispherical, length and breadth about equal; length 
of hinge-line nearly or quite equal to the greatest breadth of the shell; 
margin regularly rounded from ear to ear by the convexity of the shell. 

Ventral valve regularly convex, without central flattening or mesial 
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sinus; beak slightly incurved over the hinge-line; ears small; surface 
marked by fine, distinct, uniform striae, about two within the space of a 
millimeter, increasing in number by occasional bifurcation, rarely by 
implantation; faint concentric wrinkles are observable upon the posterior 
half, especially near the beak, and fine concentric striz are also to be seen 
under a lens. A few small erect spines are scattered over the surface of 
the ventral valve, but they become broken off in the imbedding rock, and 
their bases do not form a conspicuous surface-feature of the shell. 

Length in a straight line from beak to front margin, twelve millime- 
ters; breadth, fourteen millimeters; convexity, about nine millimeters. 

Meek and Worthen’s type-specimens of this species were-obtained from 
the Chester limestone of the Subcarboniferous period at Chester, Illinois, 
and, so far as I am aware, the species has never been recognized elsewhere 
except at the locality that furnished examples to these collections. Com- 
pared with the figures and original description given by those authors, our 
shell is found to differ in no material characters from theirs ; while compared 
with other known species of similar size and general aspect, they are found 
to possess characters that clearly separate them from our species. This 
species has a general resemblance to P. elegans Norwood and Pratten, also 
from the Chester limestone, P. arcuatus Hall, from the Burlington lime- 
stone, both of the Subearboniferous group; and also to some varieties of P. 
longispinus Sowerby, from the Coal-Measure strata. It is most nearly related 
to a variety of the last-named species which is found in considerable num- 
bers near Santa Fé, New Mexico. In those shells, there is, however, more 
or less of a mesial flattening of the ventral valve ; the ears also are more 
flattened and the hinge-line more extended than in the species under con- 
sideration. 

Position and locality—Strata of the Subcarboniferous period; Mountain 


Spring, old Mormon road, Nevada. 
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9) 
Phi 


Famity STROPHOMENIDA. 
GENUS STROPHOMENA Ratinesque, 1827. 
Strophomena rhomboidalis Wilckins, * sp. 

Plate V, fig. 5. 


a 


Conchita rhomboidalis Wilckins, 1767, Nachricht von selt. Verst., 77. 

Anomites rhomboidalis Wallenberg, 1821, Acta Societat. Scient. Upsal. viii, 65. 
Productus depressa Sowerby, 1823, Mineral Conchology, v, 86. 

Leptena rugosa Dalman, 1826, Kongliga Vetens. Akad. Handl., 106. 

Leptena tenwistriata Sowerby, 1859, Silurian System, 623, 636. 

Strophomena depressa Vanuxem, 1842, Geol. Third District New York, 79. 

Orthis depressa Portlock, 1843, Geol. Lond., Tyrone, & Ferm., 450. 

Leptena tenuistriata Hall, 1847, Paleontology of New York. i, 108. 

Strophomena rhomboidalis Lindstrom, 1860, Goth]. Brach., 371. 

Strophomena rhomboidalis Hall, 1867, Paleontology of New York, iv, 76. 
Sirophomena rhomboidalis Davidson, 1868, Trans. Geol. Soe. Glasgow, Paleoz. Ser., i, 16. 
Strophomena rhomboidalis Meek and Worthen, 1868, Geol. Sury.. Illinois, iii, 426. 
Strophomena rhomboidalis Meek, 1873, Paleontology of Ohio, i, 74. 

Shell varying in outline, but generally subsemicireular, widest at the 
hinge-line; lateral and front margins bent strongly upward all around, 
the portion inclosed by the geniculated margin flattened in both valves; 
the surfaces of these flattened spaces marked by conspicuous concentric 
wrinkles that increase in size from the beak outward; area narrow in both 
valves, that of the ventral being a little wider than the other. Surface 
marked by fine radiating strie, which are nearly uniform in size, close-set, 
increasing both by implantation and bifurcation, most frequently by the 
latter method on the ventral valve and by the former method on the dorsal. 
Under a lens, minute concentric strie are usually to be seen, as is also 
the punctate structure of the test, upon exfoliated ‘surfaces. 

Breadth at the hinge-line, of the largest specimen contained in the 
collections, four and a half centimeters. They are often smaller than this, 
their proportions and outline being also very variable. 


The geological range of this species is greater than that of any other 


* This is one of the most widely known of all the species of fossil Mollusca, and by some of 
its varieties it is familiar to every geologist and collector. Mr. Davidson, in his well-known Monographs 
gives a large number of authorities who have written upon or noticed the species. The synonymy here 
given is selected for the purpose of indicating some of the principal points in its literary, history and to 
show the numerous generic assignments that have been made of it besides the various specific names it 
has borne. 
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known fossil, which circumstance has naturally thrown much doubt on 
the real specific identity of specimens collected from rocks of different 
geological ages. 

It appears under slight varietal forms in different formations, which, 
although not strongly marked, have served to induce some naturalists to 
separate them as distinct species; but after the scientific scrutiny these 
shells have had for more than a hundred years, no person has succeeded in 
pointing out characteristics which entirely satisfy naturalists that they really 
constitute more than one species. As thus specifically recognized, its range 
is from the Trenton period of Lower Silurian age to the Subcarboniferous 
period, and it is also a common fossil in both hemisperes. Therefore, 
whenever this species is found associated with Upper Silurian or Devonian 
forms, and more especially if found unassociated with other fossils, it has 
of itself no valuable significance as to the geological age of the strata in 
which it is discovered; but when found associated with true Carboniferous 
types, it is understood to indicate the Subcarboniferous age of the strata 
containing it, because that period is regarded as the extreme recent limit 
of the range of the species in time. 

Position and locality—Strata of the Subearboniferous period; Mountain 
Spring, old Mormon road, Nevada, where it was found associated with the 
Platycrinus and Actinocrinus herein described as well as with other Subcar- 
boniferous types. 

Famity SPIRIFERIDA. 
GENUS SPIRIPFER Sowerby, 1815. 
Spirifer centronatus Winchell. 
Plate V, fig. 8 a, b, and ce. 
Spirifer centronata Winchell, 1865, Proc. Acad. Nat. Sei. Phila., 118. 

Shell of medium size, usually subsemicircular in outline, broadest at 
the hinge-line; the cardinal extremities often cuspidate, but sometimes a 
little rounded; both valves moderately convex. 

Dorsal valve broadly and regularly convex transversely, a little 
depressed at the lateral extremities; convexity abrupt along the median 
line from the beak to the middle of the valve, but from the middle to the 


front margin it is very slight or nearly straight; area very narrow; beak 
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strongly incurved and projecting a little over the hinge-lie; mesial fold 
distinctly defined from the front margin to the apex of the beak, where it is 
minute, but widens a little more rapidly near the front than elsewhere; it is 
not much elevated above the adjacent parts of the valve, but is distinctly 
separated from them by an interspace on each side of it, which is a little 
deeper and wider than those which separate the plications from each other. 

Ventral valve regularly arching from rear to front; sides somewhat 
regularly convex, but like the other valve it is a little depressed at the 
lateral extremities; beak prominent, strongly incurved, abruptly narrowing 
to a point; mesial sinus distinctly defined from the front border to the apex 
of the beak, nowhere very deep, increasing uniformly in width toward the 
front; area moderately narrow, striated transversely; foramen triangular, 
nearly equilateral. 

Surface marked by from thirty-four to forty-two small, rounded, dis- 
tinct plications, nearly or quite all of which are simple; the two plications 
that form the lateral boundaries of the mesial sinus a little larger than any 
of the others, gradually but slightly diminishing in size from the sinus to 
the lateral extremities, where they become obsolete. From four to six pli- 
cations are found upon the mesial sinus and fold respectively, all of which 
are similar to those upon the sides of the shell, except that the former 
diminish more rapidly in width toward the beaks. Concentric lines and 
undulations exist upon both valves. 

Breadth at the hinge-line, about thirty-eight millimeters; length from 
beak to front, twenty-two millimeters; thickness, sixteen millimeters. 

Professor Winchell’s type-specimens were obtained from the Subcar- 
boniferous strata at Cuyahoga Falls, Ohio, and seem, from the description, 
to have consisted of ventral valves only. His carefully-drawn description 
of that portion of the shell agrees so very closely with the corresponding 
part of ours that I should entertain little or no doubt of the specific identity 
of the two if it were not that he speaks of his shell as being very nearly 
like S. cuspidatus Hall (not Martin), which I understand to differ consider- 
ably from ours. 

Position and locality—Subcarbonitferous strata; Mountain Spring, old 


Do) 
Mormon road, Nevada. 
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Spirifer striatus Martin, sp. 
Plate V, fig. 10 a. 

Associated with characteristic Subearboniferous forms at Mountain 
Spring, old Mormon road, Nevada, some specimens of the well and widely- 
known Spirifer striatus were obtained. They are all more or less impertect, 
but their identity with that species seems unquestionable. The striae which 
mark the surface are regular and nearly uniform in size, and show no inclina- 
tion to become fasciculated as those of S. cameratus always do to a greater or 
less degree. The collections also contain specimens, apparently of this 
species, from a higher geological horizon, which are noticed upon another 
page, among the Coal-Measure species. 

Varieties of S. striatus have been described under different specific 
names from the Subearboniferous rocks of the United States; but when com- 
pared with authentie specimens from the Carboniferous rocks of Europe, I 
am not able to discover differences of specific value. In view of this fact, I 
have less hesitation in referring our specimens to 8S. striatus than I other- 
wise would have. 

Spirifer extenuatus Hall. 
Plate V, fig. 9 a, b, c, and d. 
Spirifer extenuatus Hall, 1858, Geology of Lowa, i, pt. ii, 520. 
Syringothyris Halli Winchell, 1863, Proc. Acad. Nat. Sci. Phila., 8. 

Shell of medium size, much extended at the hinge-line; length from 
hinge to front usually a little less than the height from the ventral beak to 
the dorsal umbo. 

Ventral valve capacious, subpyramidal, having a moderately deep 
sinus, which is well defined from front to beak, and rapidly widening toward 
the front; beak extended, pointed, its point a little incurved over the area; 
sides sloping from the beak to the hinge-extremities with little or no con- 
vexity of outline, and also little or no convexity to the front and lateral 
margins; area large, triangular transversely striated, flat or distorted a little 
by the twisting of the beak, and its inclination more or less toward the dex- 
tral side of the shell; fissure of the area triangular, nearly twice as high as 


it is wide at the base; each of its lateral border-angles truncated by a shal- 
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low groove; a little more than one quarter of the length of the fissure from 
its apex closed by a slightly convex pseudo-deltidium. 

Dorsal valve moderately convex, differing in degree of convexity in 
different directions from its. middle, but is somewhat regular in all; front 
margin broadly and regularly rounded, except that the lateral extremities 
are more or less extended, and the central portion is emarginate by the 
infolding of the mesial sinus of the ventral valve; mesial fold moderately 
elevated, well defined from front margin to tho beak, and increasing rapidly 
in width from beak to front. 

Surface of both valves marked by from fourteen to eighteen rounded — 
plications on each side of the mesial field and sinus, which become less 
distinct toward, and disappear upon, the lateral extremities; surface of both 
mesial fold and sinus plain, except that, in common with the surface of all 
other parts of the shell, it is marked by fine concentric lines of growth. 
Shell-substance distinctly punctate. 

Breadth along the hinge-line, nearly four centimeters; height from 
ventral beak to dorsal umbo, eighteen millincters; length from hinge to 
front margin, sixteen millimeters. 

The transverse plate connecting the dental lamine, together with the 
tube, which it bears along the middle of its ):nder surface (characters that 
distinguish the group of spiriferoid shells \\ iich Professor Winchell has 
separated under the generic name of Syriiyothyris), are concealed by the 
stony filling of our specimens; but as they possess the other characteristics 
‘of that group, those mentioned are doubtless ; resent also. So far as external 
characters are concerned, no specific differ>«e can be detected between 
our shell and Syringothyris Halli Winchell ( (oc. cit.). His type-specimens 
were obtained from strata of the Kinderhook iormation at Burlington, Lowa, 
and Clarksville, Missouri. Those of Professor Hall were obtained from the 
same strata at the first-named locality. ‘The want of material difference 
between the dorsal valve of Professor Hali’s species (the only part of the 
shell described and figured by him) and the corresponding part of Professor 
Winchell’s specimens, together with the fact ee they are associated in the 
same strata at one of the typical localities, loaves little cause for doubting 


the specific identity of Syringothyris Halli anc pours ertenuatus. 
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In the course of some extended remarks upon the genus Spirifer, 
Messrs. Meek and Worthen (Geological Survey of Illinois, vol. iii, 532) 
have shown that the original species of the genus possessed the same 
peculiarities of structure that formed the basis of Professor Winchell’s genus 
Syringothyris. They also show that the numerous species which have been 
generally regarded as typical forms of the genus Spirifer really belong to a 
group for which Keenig proposed the generic name of Trigonotreta long 
before the publication of Syringothyris. This being the case, a strict enforce- 
ment of the rule of priority in scientific nomenclature will require that 
Syringothyris be suppressed, and that all shells having the structure which 
characterizes that group retain the name of Spirifer; also that Koenig's 
name Trigonotrcta be applied exclusively to those ordinary forms which 
have so generally been referred to Spirifer, at least in a subgeneric sense. 
In view of the question thus raised, and being at present without the means 
of deciding it for myself by personal investigation, the generic assignments 
I have made of these forms in this report should be regarded as provisional 
only. 

Position and locality —Strata of the Subcarboniferous period ; Mountain 
Spring, old Mormon road, Nevada. 


SupGencus MARTINIA McCoy, 1844. 


Spirifer (Martinia) peculiaris Shumard. 
Plate V, fig. 7 a@ and b. 

* Spirifer peculiaris Shumard, 1855, Geological Survey of Missouri, part 2, 202. 
Ventral valve arching regularly from beak to front, the curvature being 
greatest near the beak; sides convex; beak narrow, extended, incurved ; 
antero-lateral margins broadly rounded; postero-lateral margins abruptly 
rounded to the short hinge-line; postero-lateral surfaces rounded backward to 
the small, indistinctly-defined cardinal area; foramen triangular, its apical end 
closed by a pseudo-deltidium ; mesial sinus shallow, traceable nearly to the 
beak, widening a little more rapidly near the front than elsewhere, nearly 
plain, but two faint, incipient plications are observable, one at each side, 
and also a stight flattening along its middle. Surface on each side of the 


sinus marked by six or seven small, convex-flattened plications, which are 
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separated by very narrow interspaces, becoming smaller toward, and finally 
disappearing upon, the postero-lateral regions. 

Only the ventral valve of this species is contained in the collections ; 
but that agrees in all essential characters with S. peculiaris Shumard, the 
type-specimens of which species were obtained from the Kinderhook tor- 
mation of the Subcarboniferous group in Missouri. The principal variations 
which it shows from the typical forms as described and figured by Dr. 
Shumard are the incipient plications of the mesial sinus and the somewhat 
greater rounding of the postero-lateral angles. Possibly more perfect 
examples may show other differences also, but the characters so far observed 
do not seem to warrant a specific separation from S. peculiaris. 

Position and locality —Strata of the Subcarboniferous period; Mountain 
Spring, old Mormon road, Nevada. 


Genus SPIRIGERA D’Orbigny, 1847. 
Spirigera monticola White. 
Plate V, fig. 11, a, b,c, and d. 
Spirigera monticola White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 16. 

Shell subelliptical or subtetrahedral in outline, always wider than long, 
widest at, or a little forward of, the middle, moderately gibbous; valves 
almost equally capacious; postero-lateral margins in old shells thickened, 
but in younger ones the whole margin is more or less sharp; front margin 
only slightly smuous in very young shells, but it is very deeply sinuous in 
some old ones. 

Ventral valve broadly convex from side to side, regularly arching from 
beak to front; beak moderately prominent and slightly ineurved ; foramen, 
as usual, nearly round, rather small; mesial sinus moderately narrow, 
scarcely apparent in young shells, but in some old ones becoming very deep 
at the front, where the margin is much prolonged upward to follow the fold 
of the other valve. 

Dorsal valve gibbous in the umbonal region, prominent along the mid- 
dle, from which the sides slope away by gentle convexity to the lateral 


margins; mesial fold rather narrow, and in some examples not well defined, 
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in which case the valve has a broad, nearly uniform, convexity; yet in 
others the mesial fold is well defined and prominent, especially at the front ; 
but in all cases it is hardly discernible behind the middle of the shell, even 
in adult examples. 

Surface of both valves marked by concentric lines, of fine lamellzer of 
growth, and occasionally indications of fine radiating striz are to be seen 
under a lens. 

-  Lengthof an adult specimen of average size, twenty-three millimeters ; 
extreme breadth, twenty-nine millimeters; height, sixteen millimeters. 

This shell is quite different from any other described species of the 
genus known to oceur in American Carboniferous strata. The most 
nearly allied form with which I am acquainted is an undescribed one in the 
Subearboniferous stata of Franklin County, Iowa, with which our species is 
probably identical. It somewhat resembles S. incrassatus Hall from the 
Burlington limestone, but it differs from that species in outline, the less 
prominence of the ventral beak, the character of the mesial fold and sinus, 
and in the surface-markings. ‘ 

Position and locality—Strata of the Subcarboniferous period ; Mountain 
Spring, old Mormon road, Nevada. 


Spirigera obmaxima McChesney. 
Plate V, fig. 12. 
Athyris obmavima McChesney, 1869, Descr. New Paleozoic Foss'ls, 80 
Spirigera pectinifera Swallow, 1863, Trans. St. Louis Acad. Sci., il, 88. 

Shell large, broader than long, greatest breadth about midlength; out- 
line suboyal; ear-like projections of fibrous shell-substance sometimes seen 
upon the postero-lateral margins. Ventral valve broadly convex, bearing a 
broad, shallow mesial sinus upon the front half of old shells, obsolete upon 
the posterior half; greatest convexity at the umbonal region; beak not very 
prominent, incurved. 

Dorsal valve having its greatest convexity along the median line ; 
mesial fold indistinctly defined except at the front; umbonal region not 
prominent; beak strongly incurved beneath that of the other valve. 


Breadth, six centimeters or more; length above five centimeters. 
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This species is remarkable for its great size, and, although the speci- 
mens of the collection are imperfect, I have hardly a doubt of their specific 
identity with S. obmaxima McChesney. 

Position and locality—Subecarbouiferous strata; Mountain Spring, old 


Mormon road, Nevada, and also at a locality below Ophir City, Utah. 


Famity TEREBRATULIDA. 
GEnus TEREBRATULA Lhwhyd, 1698. 
Scupcrexus DIELASMA King, 1859. 
Terebratula (Dieclasma) Burlingtonensis White. 
Terebratula Burlingtonensis White, 1860, Jour. Bost. Soc. Nat. Ilist., 228. 

Shell of moderate size, subovate in outline, moze or less gibbous, 
broadest a little forward of the middle. 

Ventral valve regularly convex; beak prominent, projecting considera- 
bly behind that of the dorsal valve, moderately incurved ;, a faintly-defined 
ridge at each side of the beak follows its curvature from the foramen for- 
ward, and disappears near the middle of the shell; dental plates moderately 
strong, their front edges sharp and perpendicular with the teeth, placed near 
the sides of the beak, and diverging a little as the beak increases in size ; 
mesial sinus absent or obsolete. 

' Dorsal valve depressed-convex, greatest convexity near the beak, 
which is not prominent; mesial fold absent. Surface smooth or marked by 
indistinet lines of growth; shell-structnre finely punctate. 

Average length, about twenty-two millimeters. 

The type-specimens of this species were obtained from the Subearbon- 
iferous rocks at Burlington, Iowa, and those of the collections agree with 
them in all essential respects. The reference to the subgenus Déelasma of 
this species is made in consequence of the presence of dental plates, the 
other characteristics of the subgenus not having been observed. It differs 
from T. bovideus especially in wanting the longitudinally arcuate form, so 
constant in that species. 

Position and locality.—Strata of the Subearboniferous period ; Mountain 
Spring, old Mormon road, Nevada. 
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MOLLUSCA VERA. 


CLass CONCHIFERA. 
Orver DIMYARIA, 
Famiry CARDIIDA(?). 
Genus CONOCARDIUM Brown, 1835. 
(?). 


From strata of the Subcarboniferous period below Ophir City, Utah, a 


Conocardium 


single example of a species of Conocardium was obtained. It is too imper- 
fect for full specific determination, but its observable characters indicate that 
it belongs to an undescribed species. It is similar in size and also in many 
of its details to C. trigonale Hall from the Corniferous limestone of New 
York and Ohio. The costs and interspaces, as well as the very fine con- 
centric striz that mark the surface, are very similar to those of that species, 
but our shell differs in its smaller and more numerous cost, in being less 
produced at the antero-ventral angle, and in the more distinct rounding of 
the antero-lateral ridges. 

In case the discovery of more perfect specimens should confirm the 
opinion that this shell belongs to an undescribed species, I propose for it the 


name of C. semiplenum. 


CLAss GASTEROPODA. 


Supcutass DICGECA. 
Orper RHIPHIDOGLOSSA. 


SuBORDER PODOPHTHALMA. 
Famiry EUOMPHALIDA. 
GENUS EUOMPHALUS Sowerby, 1815. 
Euomphalus luxus, White. 
Plate V, fig. 13 @ and b. 
Shell of medium size, subdiscoidal, the spire being only a little 


elevated; volutions four or five; outer side of volutions* convex below but 
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flattened a little above so as to form a more or less distinct angle with the 
flattened upper side; under side regularly and continuously rounded from 
the outer side into the umbilicus, where it meets the next volution within ; 
suture distinct; umbilicus moderately deep and broad. Surface marked by 
distinct lines and occasional corrugations of growth. Diameter of coil of 
the largest specimen in the collections, thirty-eight millimeters. 

This species resembles L. latus Hall, the type-specimens of which were 
obtained from the Burlington limestone division of the Subcarboniferous 
group at Burlington, Iowa, and Quincy, Illinois. The specimens of the 
collection present differences from the typical forms of the species which I 
at first regarded as only varietal, but upon further examination I consider 
them specific; the principal of which differences are their smaller size, 
less rapidly increasing volutions, and the absence of the elevation, or 
incipient fold, upon the upper side of the volutions adjacent to the suture 
which characterizes /. latus. 

Position and locality—Strata of the Subcarboniferous period; below 
Ophir City, Utah, and also “near the base of the anticlinal”, at Ophir 
City. 
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CAREONIFEROUS PERIOD. 
PROTOZOA. | 
CLAss RHIZOPODA. 
~Orver FORAMINIFERA. 


GENUS FUSULINA Fischer, 1837. 


Fuselina cylindrica Fischer. 
Plate VI, fig. 6 a and b. 

Tusulina cylindrica Fischer, 1837, Oryet. du Gouv. de Moscon, 126. 
Pusulina cylindrica D’Orbigny, 1545, Geol. Russ., ii, pt. iii, 16. 
Fusulina cylindrica Owen, 1852, Geol. Sury. Wisconsin, Iowa, and Minnesota, 131 
Fusulina cylindrica Meek and Hayden, 1859, Proce. Acad. Nat. Sei. Phila., 26. 
Fusulina cylindrica Dana, 1862, Manual of Geology, 164. 
Fusulina cylindrica Meek and Hayden, 1864, Paleontology Upper Missouri, 14. 
Fusulina cylindrica Meek, 1864, Paleontology of California, pt. i, i, 4. 
Fusulina cylindrica Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 71. 
Fusulina cylindrica White, 1870, Geology of Iowa, i, 250. 
Fusulina cylindrica Meek, 1572, United States Geol. Sury. of Nebraska, 140. 

Shell varying from tercte to subglobose, assuming all intermediate 

“ fo} So ? to} 

fusiform shapes, generally somewhat obtusely pointed, especially the terete 
ones, usually having the appearance of being slightly twisted at the ends; 
septal furrows moderately distinet, even upon unweathered specimens, 
extending in more or less direct lines longitudinally, but are a little deflected 
Just at the ends; centrifuga! apertures about twice as high as the thickness 
of the cell-wall covering them, more than twice as broad as high, and of 
nearly uniform size throughout the whole coil. The locular or external 


aperture, since it varied witl the progress of construction of the cell, and 
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must have been fragile until it was completed, is seldom clearly shown upon 
the fossils. 

It was apparently linear, extending the full length of the shell until 
closed by a new longitudinal septum at each side, leaving only a new 
centrifugal aperture at the middle, in line with the others. Volutions from 
five to eight; septa from twenty to thirty in the outer volution; septa 
nearly straight at their outer or external edges, but laterally undulating at 
their inner edges, where they join the outer surface of the next volution 
within, as may be seen in specimens that have had a part of their outer 
volution removed by weathering; the same defacement also showing por- 
tions of the series of entrifugal apertures. The undulations of the imner 
edges of contiguous septa are not usually parallel; but the convexity of 
the folds of each septum generally comes opposite that of the folds of the 
next adjacent septum, which gives rise to a peculiar confused and complex 
appearance of the septa in those specimens that have suffered erosion or 
weathering of the outer volution. 

Dimensions very variable; one of the more robust specimens in the 
collections being one centimeter long and half a centimeter in diameter ; 
another measures nine millimeters long and two millimeters in diameter. 

Fischer described another species, together with I’. cylindrica (loc. cit.), 
under the name of I’. depressa, which latter species Dr. Geinitz (loc. cit.) 
recognizes from Upper Coal-Measure strata at Nebraska City, Nebraska. 
Meek and Hayden have proposed the name F. ventricosa to include 
certain robust forms from the Coal-Measures of Missouri and Kansas (Proce. 
Acad. Nat. Sci. Phila., 1858, 261), and Mr. Meek has described two other 
speciés from a similar horizon in California under the names of I”. robusta 
and F. gracilis (Geological Survey of California, paleontology, vol. i, 1864). 
With due deference to the views of those able and careful:paleontologists, 
I feel bound to differ with them in relation to the propriety of a specific 
separation of these forms. Long familiarity with this protean species, dis- 
tributed over an extensive region, has served to convince me that all the 
varieties referred to, including J’. depressa Fischer, belong to one species 
only. In Southwestern Iowa, where Fusulina is abundant in strata of the 
Upper Coal-Measures, varieties prevail at certain localities respectively that 
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will answer the description of every imputed specific form of the genus yet 
known to me. Intermediate forms may also be obtained in the same region 
that may be made to connect all the varieties referred to. Remembering 
also that these shells were formed by animals, each of which consisted of a 
mere particle of organless sarcode, not having even the least differentiation 
of tissue, the wonder seems rather that intra-specific variation should not 
be much greater than the difference is found to be between any individual 
shells hitherto referred to the genus Fusulina. 

Position and locality—Strata of the Carboniferous period at the follow- 
ing localities in Utah, besides others elsewhere: Wasatch range, south of 
Spanish Fork; U-i-ya-bi Pass, Gosute range; near Beckwith Spring, Cedar 
range; near the mouth of Spanish Fork Canon; and southeast of Mount 


Nebo. 
RADIATA. 


CLAss ACTINOZOA. 
Orper ZOANTHARIA. 


Faminy FAVOSITIDA. 
Genus CHASTETES Fischer, 1837. 
Chetetes milleporaceus Troost, sp. 
Plate VI, fig. 2 a. 
Calamapora milleporacea Troost, 1849? (manuscript). 
Chetetes milleporaceus Edwards et Haime, 1851, Monographie Polyp. Fossiles, 272. 
Polypary massive; cells slender, capilliform in aspect, of nearly equal 

size among themselves and of uniform diameter from their proximal to their 
distal ends ; diameter of cells about one-third of a millimeter, and upon the 
split surfaces of some specimens they have been traced continuously nearly 
the length of a decimeter; masses varying in size from four or five centi- 
meters to as many decimeters in diameter; shape of the masses irregularly 
globular to irregularly flattened-convex, the latter being the most usual 
form. Sometimes specimens, apparently of this species, ‘are irregularly 
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elongate in form, and show some indications of incipient branching ; but the 
species is essentially a massive and not a branching coral. 

This coral is not uncommon in the Upper Coal-Measures of Missouri, 
Towa, and Nebraska. The type-specimens of the species which were used 
by Edwards and Haime in their original description were obtained from 
Carboniferous strata in the Cumberland Mountains of Tennessee, and also 
from the same geological horizon near Evansville, Indiana. The late Dr. 
Troost had catalogued the species before his death, with the intention of 
publishing a description of it. In its subsequent publication by Edwards 
and Haime (Joc. cit.), they adopted his specific name. 

Position and locality.—Stvata of the Carboniferous period; Virgin ran 
southwest of Saint George, Utah. 


Be, 


GENUS RHOMBIPORA Meek, 1872. 
Rhombipora lepidodendroides Meek. 


Plate VI, fig. 5 a, b, c, and d. 


Rhombipora lepidodendroides Meek, 1872, United States Geol. Surv. Nebraska, 141. 


Coral slender, ramose; stem and branches terete; branches not nu- 
merous, generally attaining at once nearly or quite the size of the stems: 
branching taking place at somewhat regular intervals in some specimens, 
but irregularly in others, the divergence being some thirty or forty degrees ; 
stem and branches usually nearly or quite straight between the points of 
bifurcation, but neither the stem nor the branch above the point of bifurca- 
tion retain the axial direction of the part below; cells small; starting from 
a non-substantial axis they arch upward and outward, increasing a little in 
size as they extend, and open upon the outer surface; interspaces between 
the cells about equal in width to the diameter of the cells, the intercellular 
substance being itself minutely cellular in structure; cell-apertures rhombic 
or rhombic-oval in outline, the vertical diameter generally greatest; cells 
arranged in both vertical and oblique rows, which are always quite regular; 
spaces between the apertures ornamented with minute nodes, the largest 
ones of which are placed opposite the angles of the apertures, at which 
points there are sometimes two such nodes. Stems varyin 


@ in diameter 


from one to four millimeters; number of cell-apertures five or six in the 
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space of two millimeters, measured parallel with the axis of the stem, and 
seven or eight in the same space measured along one of the oblique rows. 
The variation of the latter measurements in different specimens is not 
proportionally so great as the variation of the diameter of stems, because 
the angle of the oblique rows with the axis is greater in large stems than 
in small ones; this gives the cell-apertures a greater proportional width in 
large stems, while the actual width is nearly uniform in all. 

Most of the examples in the collection are considerably larger than 
the type-specimens of Mr. Meek, but some of them agree perfectly with 
his types as to size, and the structure is identical im all, so far as can be 
determined. Specimens, apparently of this species, from the Upper Coal- 
Measures of Northern Missouri and Southern Iowa, are still larger than 
any contained in the collections. Some of the specimens of the collections 
are more or less completely silicified, and one or two of them have a hollow , 
axis. This seems to have resulted from the failure of the central portion 
to become silicified like the outer portion, which, remaining calcareous, was 
subsequently removed by dissolving agencies that the outer silicified por- 
tion resisted. This is really shown to be the case by the breaking of others, 
and finding the central portion yet calcareous and retaining the structure 
of the coral, the parts of which structure being in direct continuity 
with those of the outer silicified portion. On the other hand, a fragment 
of a species of this genus obtained from the Subcarboniferous limestone of 
Washington County, Indiana, seems to have a hollow axis, the whole of 
the coral being caleareous. It is, however, not certain that the axis of even 
this example was originally hollow. 

Position and locality—Strata of the Carboniferous period ; west face of 
Oquirrh range, near “KE. T. City”, Utah, and at the confluence of White 
Mountain and Black Rivers, Arizona. 


irENUS SYRINGOPORA Goldfuss, 1826. 
Syringopora multattenuata McChesney (?). 
From strata of the Carboniferous period, at various localities in 
Nevada and Utah, specimens of a species of Syringopora were obtained. 


They are too imperfectly preserved for satisfactory specific identification, 
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but they probably belong to S. mulattenuata McChesney, as they are not 
unlike that species and oceupy a similar geological position. That species 
is a more or less common one in the Upper Coal-Measure strata of Lowa, 


Illinois, Missouri, and Nebraska. 


Famity CYATHOPHYLLIDA. 
GENUS ZAPHRENTIS Rafinesque et Clifford. 
Zaphrentis excentrica Meek. 
Plate V1, fig. 3 a. 
Zaphrentis excentrica Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 495. 

Corallum large, comparatively short, broadly turbinate, slight curved; 
principal septa sixty or seventy, not extending to the center of the calyx, but 
leaving a large plain surface at its bottom; tabulz numerous, broad, thin, 
transverse, or a little concave; vesicular zone comparatively narrow. Height, 
about seven centimeters; breadth at top, about six centimeters. 

Our specimens are silicified and somewhat imperfect, but they are 
doubtless specifically identical with 7. excentrica Meek, the type-specimens 
of which were obtained from strata of the same period at ‘Old Baldy”, near 
Virginia City, Montana. 

Position and locality—Strata of the Carboniferous period; fossil Hill, 
White Pine County, Nevada. 


Genus LOPHOPHYLLUM Edwards et Haime, 1850. 
Lophophyllum proliferum McChesney, sp., var. sauridens. 
Plate VI, fig. 4 a, b, c, and d. 
Cyathaxonia prolifera McChesney, 1860, Descriptions of New Paleozoic Fossils, 75. 
Cyathaxonia, sp., Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 65-66, 
Lophophyllum proliferum Meek, 1872, U.S. Geol. Surv. Nebraska, 144. 

Corallum conical or elongate-conical, usually curved, rarely almost 
straight, tapering to a more or less slender point at its proximal end; trans- 
verse section circular; surface marked by longitudinal strize of uniform 
size, some of which are continuous from the apex to the rim of the calyx, 
but the additional striz required by the increasing diameter of the corallum 
are often so arranged as to form a kind of longitudinal suture by commenc- 


ing successively along the side of an outer stria of a series that are continu- 
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ous from apex to calyx; longitudinal strize crossed by more or less distinct 
wrinkles, and very fine encircling lines of growth. 

Calyx comparatively deep ; its sides rather thin between the septa, and 
of nearly uniform thickness from rim to bottom; rays within the calyces of 
the largest specimens sometimes reaching fifty in number, not projecting 
far inward from the sides except toward and at the bottom, upon which 
they reach the columella; bottom of the calyx really sloping downward 
from the columella all around, and ending abruptly against the sides, but 
the numerous septa, by gradually approaching the columella from the sides, 
give the bottom a concave appearance when viewed from above; septal 
fossette not very conspicuous, usually occupying a little more than the 
space of one principal body-ray, or septum; septa below the calyx, less 
numerous than the rays within it, well developed, and reaching nearly or 
quite to the columella, but none of them apparently becoming consolidated 
with it except the one opposite the septal fossette; columella strong, trans- 
verse section broadly oval, projecting considerably from the calyx, bluntly 
crested, well consolidated by the almost complete fusion of the middle por- 
tions of the tabule that compose it, not firmly united to the surrounding 
portions of the corallum, but readily cleaving from them when the parts are 
broken; when thus separated, its surface shows somewhat twisted, longi- 
tudinal, raised, strize which correspond more or less closely with the inner 
edges of the septa, but are not really separated parts of them, as they at first 
sight appear to be; tabula comparatively thin, between the columella and 
the sides, sloping ‘or arching downward, and ending abruptly against the 
inner side of the outer wall. 

Length of the largest specimen in the collection, along its convex side, 
upward of four centimeters ; ‘diameter of the calyx, twelve millimeters. 
The average size of full-grown specimens is not materially less. 

Our examples present a different aspect from typical forms of S. proli- 
Jerum, and they perhaps belong to a different species; yet it is difficult to 
pomt out distinct structural differences of specific value. They have, how- 
ever, a larger average size, and are more robust, less wrinkled, and less con- 
torted than typical forms of S. proliferum, which characters seem to indicate 


at least a distinet variety, for which the name sauridens is proposed. The 
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prominent solid axis of that species, separating so readily from the surround- 
ing parts in broken specimens, caused it for a time to be referred to the genus 
Cyathaxonia, but Mr. Meek has shown (loc. cit.) that it has the internal structure 
of Lophophyllum. 

Position and locality—Strata of the Carboniferous period; near Santa 
Fé, New Mexico, and at Rock Creek, Lake County, Colorado. 


GeENusS LITHOSTROTION Fleming, 1828 
Lithostrotion Whitneyi Meek. 
Plate VI, fig. 1 a, b, and ec. 
Lithostrotion Whitneyi Meek, 1875, Pal. of U. S. Geol. Expl. 40th Parallel, (manuscript). 


Corallum fasciculated; corallites cylindrical, somewhat flexuous and 
irregular, generally separate but seldom distant, and sometimes in contact ; 
epitheca thin but distinct, marked by wrinkles and encircling lines of 
growth; columella small and very narrow, being laterally compressed ; 
principal rays from twenty to twenty-eight in number, according to the 
size of the polypite, alternating with smaller rays; tabulee numerous, com- 
paratively broad, transverse or arching downward from the columella ; 
vesicular zone narrow, composed of from three to five layers of vesicles. 

Diameter of polypites, from eight to fourteen millimeters. 

In splitting and polishing a polypite, so as to obtain a view of the 
internal structure, it is often difficult to make the section in such a manner 
as to show the columella, because it is so small and narrow. If the section 
is made parallel with one of its flat sides, but not cutting through it, the 
tabulee appear to be separate from each other in all parts, and to extend 
directly across the polypite, as in Cyathophyllum. Such a section is 
shown in figure 1c, Plate VI. If the section passes obliquely through the 
columella, its character is indistinctly shown, as in figure 1 b of the same 
plate. The section given by Mr. Meek in his illustrations of the species is 
through the short diameter of the columella. 

Position and locality—Strata of the Carboniferous period; Fossil Hill 
and Ice Creek, Steptoe Valley, White Pine County, Nevada. 
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CLAss ECHINODERMATA. 
Orper ECHINOIDEA. 
Famity ARCHAOCIDARIDA. 
GENUS ARCHAOCIDARIS McCoy, 1844. 
Archeocidaris ornatus Newberry. 
Plate VI, fig. 7. 

Archeocidaris ornatus Newberry, 1861, Geol. Rep. Lieut. Ives’s Expl. Col. Riv., 116. 

Principal spines fusiform, strong, about seven centimeters long; great- 
est diameter a little below the middle, where it is about five millimeters; 
surface for a short distance above the basal ring plain or not conspicuously 
marked; above this plain space to the distal end, it is thickly set with spin- 
ules from one to two millimeters in length, which are arranged around the 
spine in imperfectly spiral lines, in which lines the intervals between the 
spinules are generally less than the diameter of their bases, but the vertical 
intervals are somewhat greater; basal ring rather large, crenulated at the 
border. An imperfect interambulacral plate embedded in the rock near one 
of the spines contained in the collection, and probably belonging to this 
species, shows a plain areolar surface, a raised center, and an elevated rim 
around a rather small central tubercle. Remainder of the body unknown, 

Dr. Newberry’s type-specimens were obtained from strata of the Car- 
boniferous period near the confluence of the two Colorados, and also from 
strata of the same period near the Great Canon of the Colorado River. 

Position and locality.—Strata of the Carboniferous period; ten miles west 
of Ojo del Oso, near Fort Wingate, New Mexico. 


Archeocidaris trudifer White. 
Plate VI, fig. 8 a and b. 
Archeocidaris trudifer White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 17. 
Interambulacral plates comparatively broad, rather thin, having an 
elevated border all around, which is apparently composed of a series of 
small tubercles; areolar surface apparently plain; central tubercle small, 


pertorate at the center, surrounded at its base by a very slightly-raised ring, 


CARBONIFEROUS PERIOD. 105 


and immediately outside of that by another ring, which is so much elevated 
as to form a little cup, with its rim somewhat expanded. Diameter of the 
largest plate in the collection, about twenty millimeters. 

Spines very long and slender, one of those in the collection having 
been, when perfect, about twelve centimeters in length, terete; diameter of 
the basal ring, which expands abruptly from the shaft, greater than that of 
‘any portion of the shaft; diameter of the shaft nearly uniform for more 
than half its length above the basal ring, the upper portion gradually taper- 
ing to a point. Greatest diameter of the shaft of the long spine referred to, 
searcely five millimeters; diameter of the basal ring, seven millimeters. 
Surface of the spine for a short distance above the basal ring apparently 
smooth, but, from that portion to the distal end, it is ornamented with 
numerous small points or incipient spinules, which are often removed by 
weathering, but, in well-preserved specimens, they are seen to be arranged 
around the spine in imperfectly spiral lines. 

The very long, slender, terete spine, having a basal ring often much 
greater in diameter than any part of the shaft, together with the other 
characters described, distinguish this species from all others, 

Position and locality—Strata of the Carboniferous period (“Red Wall 
limestone”); Camp Apache, Arizona. 


MOLLUSCA. 


MOLLUSOIDEA. 


CLASS POLYZOA. 
Orper GYMNOLAIMATA. 
Famity MYRIAPORIDA. 
GEenus GLAUCONOME Goldfuss, 1826. 


Glauconome nereidis White. 
Plate VII, fig. 5 a, b, c, d, and e. 


Glauconome nereidis White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 18. 


Polyzoary branching, the main stem sending off branches at irregular 


intervals; these in like manner sending off secondary branches, but less 
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frequently; the stem and all the branches bearing branchlets of the usual 
character, in regular series at each side, all of which are straight or. slightly 
curved; branches leaving the stem, and branchlets the stem and branches, at 
nearly or quite uniform angles of between sixty and seventy degrees; branch- 
lets opposite, or alternating in their arrangement, the intervals between them 
being a little greater than the diameter of the branchlets; non-poriferous 
side of the stem, branches, and branchlets all convex and marked by fine, 
longitudinal strize. Poriferous side of the stem and branches bearing a row 
of pores along each of their lateral borders, the number of pores being 
about twice as great as that of the branchlets, but they are not placed in 
perfectly regular order with them. The space between these two lateral 
rows of pores is convex, and marked by scattered dimorphous pores that are 
not more than half as large as the principal ones which form the lateral 
rows. Branchlets also bearing a row of pores at each lateral border of the 
poriferous side, which are of the same character as the principal pores of 
the stem and branches, but they average a trifle smaller than those; pore- 
apertures with a rather prominent border, which gives the branchlets a 
somewhat knotted appearance under a lens. 

There is considerable difference in the size of the broken stems and 
branches which constitute the specimens of the collection ; but none of them, 
not even the longest fragment, perceptibly diminishes in size toward the 
dastal end. The largest stem is about half a millimeter in diameter and 
the smallest not more than half that size. The branchlets vary from one 
to three millimeters in length. The whole extent of the branching of a 
polyzoary of this species is unknown; but, as the branches are only exces- 
sively developed branchlets, there seems to be no necessary restriction in this 
regard, but, in fact, the branching seems to have been somewhat limited. 
When one of the branchlets reached a little greater length: than its fellows 
adjacent, it sent off branchlets from its own sides and became a branch. Ina 
few cases, these first branchlets of the newly-formed branch have been seen 
to coalesce with adjacent branchlets of the stem, thus forming a few irregu- 
lar fenestrules. 

This species differs from G. triliniata Meek, from strata of the same 
period in Nebraska, in being much branched, and especially in the presence 
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of minute, dimorphous pores upon the axial portion of the poriferous side 
of the stem and branches, and also in the absence of the three longitudinal 
raised lines that distinguish that species. 

Position and locality—Strata of the Carboniferous period; at the con- 
fluence of White Mountain and Black Rivers, Arizona. 


; Genus SYNOCLADIA King, 1849. 


Synocladia biserialis Swallow. 
Plate VII, fig. 3a, b, and ec. 

Synocladia biserialis Swallow and Hawn, 1858, Trans. Acad. Sci. St. Louis. i, 179. 
Synocladia virgulacea Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 70. 
Synocladia biscrialis Meek, 1872, U. S. Geol. Surv. Nebraska, 156. 

Polyzoary probably infundibuliform, but the specimens usually found 
consist only of spreading frond-like fragments; primary branches a little 
larger than the others, the latter increasing by divergence at various angles 
-from the primary branches, also occasionally from each other, and rarely 
by starting upward from the middle of a dissepiment; dissepiments cellu- 
liferous, a little narrower than the branches, and arching upward a little as 
they extend from branch to branch; fenestrules irregularly four-sided ; 
upper side usually convex, and lower side sometimes concave, about nine 
in the length of a centimeter, measuring upward, generally wider than the 
branches, but occasionally narrower, especially near the base of the poly- 
zeary. Upon the poriferous side, the branches and dissepiments, especially 
the former, are each provided with an irregular mesial carina, consisting of 
small, elongate, confluent nodes, which are sometimes sharp and prominent. 
Cell-apertures moderately large, rounded, borders prominent; cells arranged 
in single, quite distinct lines, one on each side of the mesial carina of the 
branches, and generally each dissepiment bears a double row of similar 
cells. Upon some of the dissepiments the cells form only a single row at 
the middle, while upon others they are not only double but another cell is 
added near the junction with the branch, giving three cells abreast at those 
points. . 

Professor Geinitz and others have referred this species to S. virgulacea 


as only varietally different from the typical forms of that species. 8. 
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biserialis is now known to extend over an area more than one thousand 
miles across in a direct line, throughout the whole extent of which it is sur- 
prisingly constant in its specific characters, and just as constantly different 
from those of S. virgulacea as that species is represented by the figures and 
descriptions of European authors. The European species is without the 
mesial carina of ours, but has in its place a median row of pores, which our 
species never has. 

Position and locality—Strata of the Carboniferous period (Red Wall 
limestone) ; Camp Apache, Maricopa County, Arizona. 


GENUS POLYPORA McCoy, 1844. 
Polypora stragula White. 
Plate VII, fig. 4a and b. 


Polypora biarmica Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 68 (not P. 
biarmica Keyserling). 

Polypora (species undetermined) Meek, 1872, U. 8. Geol. Surv. Nebraska, 155. 

Polypora stragula White, 1874, Exp..& Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 19. 

Polyzoary apparently flabelliform; longitudinal branches bifurcating 
with more or less irregularity in different parts of the polyzoary; dissepi- 
ments little if any more than half as wide asthe branches; fenestrules oval 
or oblong, the porportions of length and width varying in different parts of 
the polyzoary from about one-quarter longer than wide to twice as long as 
wide; varying also in size in different parts of the polyzoary, but averaging 
about six in number within the length of a centimeter, measured longitudi- 
nally; poriferous side of branches furnished with from four to six indistinet 
rows of small thick-set pores of uniform size, the arrangement of them in rows 
being more distinct obliquely than vertically; dissepiments usually free 
from pores, except near their junction with the branches, and a slightly- 
raised median ridge is often seen upon them. 

This species is known to occur in the Carboniferous rocks of Iowa, 
Missouri, and Nebraska. It was from the latter State that Dr. Geinitz 
obtained the specimens which he referred (loc. cit.) to P. biarmica Keyserling, 
the type-specimens of which species were obtained from Permian strata of 
Petschoraland. Mr. Meek ((oe. cit.) has pointed out very clearly the differ- 
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ence between our species and P. biarmica, and has also given for comparison 
a copy of Count Keyserling’s figure, together with a copy of the figure ot 
the species given by Dr. Geinitz. 

Position and locality—Strata of the Carboniferous period at the con- 
fluence of White Mountain and Black Rivers, Arizona. 


CLASS BRACHIOPODA., 
Orper ARTHROPOMATA. 


Famity PRODUCTID. 
GENUS PRODUCTUS Sowerby, 1812. 
Productus costatus Sowerby (?). 
Plate VII, fig. 2 a, }, c, and d. 


? Producta costata Sowerby, 1827, Min. Conch., vi, 115. 

? Producta costellata McCoy, 1844, Synop. Carb. Foss. of Ireland, 108. 

? Productus costatus de Verneuil, 1845, Geol. Russ. et. Ural Mts., ii, 268. 

? Productus costatus de Konineck, 1847, Monog. Product., pl. viii, f. 3, and pl. x, f. 3. 
Productus Portlockianas Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phila., viii, 15. 
Productus costatus Shumard, 1855, Geological Report Missouri, 216. 

Productus costatus var. Hall, 1858, Geology of Lowa, i, pt. 2, 712. 

? Productus costatus Davidson, 1860, Monog. British Carb. Brachiopoda, 152. 

? Productus viminalis White, 1862, Proc. Soc. Nat. Hist. Boston, ix, 29. 

Productus costatus ? ? Meek, 1872, U.S. Geol. Surv. Nebraska, 159. 

Shell of medium size; width greater than the length, measured in a 
straight line from hinge to front border, strongly and deeply arcuate ; 
hinge-line nearly or quite equal in length to the greatest width of the shell ; 
ears thin, well defined, and bent slightly downward; free margin broadly 
rounded, front emarginate. 

Ventral valve very gibbous and strongly curved, having a broad 
shallow sinus extending from the umbonal region to the front, producing 
there the before-mentioned emargination of the front border; beak promi- 
nent, incurved, but only very slightly projecting over the hinge-line. 

Dorsal valve flattened or only slightly concave in the visceral region, 
abruptly curved upward at the lateral and front margins; front showing a 
very slight mesial fold, corresponding with the broad, shallow mesial sinus 
of the other valve. 
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Surface of both valves, except that of the ears, marked by distinct, 
more or less unequal, rounded, radiating coste, with interspaces of somewhat 
less than their own width between them; costz generally continuous through 
a greater part of the length of the shell, but sometimes bifureating, and 
occasionally two or more of them may be seen to coalesce and form a single 
costa of more than ordinary size; crossing the costs, especially on the 
posterior half of the shell, and forming indistinct reticulations with them, 
are concentric wrinkles, more or less numerous. Upon the ventral valve, 
especially: toward the margins, and upon the ears, there are usually scattered 
strong, more or less perpendicular, spines; some shells are apparently nearly 
free from spines, or have only a few of them upon and near the ears. 

This shell is the American representative of the European P. costatus 
Sowerby, and has been, by European and most American geologists, referred 
to that species, in the belief that the differences are at most only varietal. Mr. 
Meek has, however, showf, in his paleontological report for the United 
States Geological Survey of Nebraska, that there are good reasons for 
doubting the specific identity of the American with the European shell. If 
his conclusions are correct, as they are believed to be, the proper name of 
this shell is P. Portlockianus Norwood and Pratten, these authors having 
been the first to recognize and publish the American form as distinct from 
the European. This species as it occurs in American strata is not only 
a variable one, but some of the varieties show so much constancy that they 
seem almost worthy of specific separation from the typical forms. One of these 
varieties was found plentifully near Santa Fé, New Mexico; but the figures 
given upon Plate VIIL are of such examples as are regarded as typical forms 
of the species as it occurs in American strata. In P. viminalis White, from 
the Burlington limestone (Subcarboniferous), the front is more than usually 
produced, the costze prominent, and more or less fasciculated, but these 
differences are probably only varietal. 

The geological range of this species is through the strata of the whole 
Carboniferous period in Illinois, Missouri, Iowa, and Nebraska; and if P. 
viminalis is only a variety, as it is now supposed to be, the range is far 
toward the base of the Subcarboniferous group also. 

Position and locality—This is one of the most abundant species in the 
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collections, it having been found at almost every locality at which collec- 
tions were made from strata of the Carboniferous period. It occurs at the 
following, among other localities: —Camp Cottonwood, old Mormon road, 
Lincoln County ; top of Grass Mountain, Ely range, thirty-five miles north 
of Pioche; and at Silver Peak, Nevada: head of Partridge Creek, Yavapai 
County; Salt River; and head of Big Dry Fork, Arizona; Kanab Canon, 
Arizona: Rock Cation, Wahsatch range, near Provo; Lake range, Fairfield 
road, and first camp south of Saint George, Utah; near Bear Spring; Camp 
Wingate, and in the Zuni Mountains, between Camp Wingate and Nutria 
Spring, New Mexico. 


Productus semireticulatus Martin, sp. 
Plate VIII, fig. 1 a, b, and c. 


Anomites semireticulatus Martin, 1809, Petrificata Derb., 7. 

Anomites productus Martin, 1809, Petrificata Derb., 9. 

Productus scoticus Sowerby, 1814, Min. Conch., i, pl. Ibdb-q thay 

Productus antiquatus Sowerby, 1814, Min. Conch., i, 15. 

Producta Martini Phillips, 1836, Geology of Yorkshire, ii, 213. 

Producta pugilis Phillips, 1836, Geology of Yorkshire, li, 215. 

Leptena antiquata Fischer, 1837, Oryet. du Gouy. de Mose., pl. xXxvi, figs. 4-5. 
Leptena tubifer Fischer, 1837, ib., pl. xxvi, f. 1 (not Deshayes). 

Productus Inca D’Orbiguy, 1843, Paleont. Voyage dans l’Amér. Mérid., viii, 51. 
Producta flexistria McCoy, 1844, Synop. Carb. Fossils of Treland, 109. 
Productus semireticulatus de Koninck, 1847, Monog. Gen. Product., pl. viii, f. 1 
Productus semireticulatus Shumard, 1855, Geological Report of Missouri, 216. 
Productus semireticulatus Davidson, 1857, Monograph British Carb. Brach. 
Productus semireticulatus Marcou, 1858, Geology of North America, 46. 
Productus semireticulatus Hall, 1858, Geology of Iowa, i, pt. 2, 637. 

Productus Calhounianus Swallow, 1858, Trans. Acad. Sci. St. Louis, i, 181. 

? Productus Ivesii Newberry, 1861, Expl. Exp. Col. Riv., Paleont., 122. 
Productus semireticulatus Meek, 1872, U. 8. Gecl. Surv. Nebraska, 160. 


Shell large, very arcuate; width greater than the length, the latter 
being measured in a straight line from hinge to front; length of hinge-line 
sometimes less and sometimes greater than the greatest width of the shell 
in front of it; area of both valves distinct, but, as usual in this genus, very 
narrow; ears thin, more or less prominent; lateral and front borders 
rounded; front emarginate. 

Ventral valve very strongly curved; beak depressed and projecting a 
little or not at all over the cardinal border; a broad, shallow, obscurely 
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defined mesial sinus extends from near the umbonal region to the front, 
giving the shell an indistinetly-bilobed appearance. Dorsal valve flattened 
in the visceral region, bent abruptly upward at the sides and front; beak 
flattened or slightly concave. 

Surface of both valves marked by numerous coarse, rounded striz, or 
small cost, which are crossed in the visceral region by somewhat regular 
concentric wrinkles of nearly uniform size, giving that part of the shell a 
semireticulated appearance, which is more distinct in some examples than in 
others ; more or less numerous, strong, erect spines are scattered upon the 
ventral valve, generally arising from the costz upon the body of the shell, 
and from the strong wrinkles upon the ears, upon which latter part they 
are usually most numerous. 

Length of a full average-sized specimen, measured in a straight line 
from hinge to front, four and a half centimeters; width, six centimeters. 

The foregoing synonymy, copied largely from the works of Davidson 
and Meek, shows that this shell presents such variations, both in America 
and Europe, that it has been described under a variety of specific names 
by paleontologists of both hemispheres. The differences between the varie- 
ties thus described under different specific names are, in some cases at least, 
really very great; but, so far as my own observation has extended, there is 
such a want of constancy in these varieties, and such a lack of definite 
specific characters by which they may he clearly separated, that I am dis- 
posed to refer them all to one species, with the possible exception of P. Ivesi 
Newberry. 

Viewing the species in this light, it is one of the most remarkable of all 
known fossil shells, not onty for its great variation, but for its wide geo- 
graphical distribution and great geological range. It is now known as a 
common fossil in the Carboniferous strata of Europe, India, South America, 
and North America. It is found in the Keokuk limestone of the Sub- 
carboniferous period, in Illinois, lowa, and Missouri, and also ranges through 
the whole series of strata of the Carboniferous period of those States as well 
asin Kansas and Nebraska. The localities given below make a still further 
addition to its known geographical range; but most of the examples in the 
collections are of the variety P. [vesii. 
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Position and locality—Strata of the Carboniferous period :—near Bear 
Spring, Camp Wingate, and near Santa Fé, New Mexico: Camp Cotton- 
wood, old Mormon road, Lincoln County, and top of Grass Mountain, Ely 
range, thirty-five miles north of Pioche, Nevada: head of Partridge Creek ; 
near Bill Williams’s Mountain ; Tenney’s Ranch; Kaibab Plateau; head 
of Dry Fork, and Kanab Canon (Aubrey limestone), Arizona: crest of 
Hurricane Hill, near Toquerville, and Meadow Creek, south of Fillmore, 
Utah. 


Productus Prattenianus Norwood. 
Plate VU, fig. 1 a, b, and ec. 


Productus cora Owen, 1852, Geol. Report Iowa, Wisconsin, and Minnesota, pl. v, fig. 1 
(not dOrbigny). 

Productus semireticulatus Hall, 1852, Stansbury’s Report Great Salt Lake, 411 (not 
Martin, sp.). 

Productus Prattenianus Norwood, 1854, Jour. Acad. Nat. Sci. Phila., n. s., ili, 17. 

Productus aquicostatus Shumard, 1855, Geol. Report Missouri, 201. 

Productus cora Marcou, 1858, Geology of North America, pl. vi, figs. 4 and 4* (not 
@Orbigny). 

? Productus levicostus White, 1860, Jour. Bost. Soc. Nat. Hist., vii, 230. 

Productus Flemingii Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 52 (not 
Sowerby, 1814). 

Productus Calhounianus Geinitz, 1866, ib., 81 (not Swallow, 1858). 

Productus Koninckianus Geinitz, 1866, ib., 53 (not de Verneuil, 1845). 

Productus Pratienianus Meek, 1872, U. 8. Geol. Surv. Nebraska, 163. 

Shell usually of medium size, but sometimes quite large; breadth gen- 
erally greater than the length, if the latter be measured in a straight line 
from hinge to front; hinge in most cases longer than the greatest width of 
the body of the shell; lateral and front margins regularly and continuously 
rounded; ears prominent, thin, and generally broken off in the embedding 
rock; mesial fold and sinus wanting. 

Ventral valve somewhat uniformly convex, but in some old shells there 
is a greater or less mesial flattening of the visceral region; umbonal region 
gibbous as a rule, but in rare cases depressed ; beak hardly projecting over 
the cardinal border ; ears marked by strong wrinkles, which are continuous 
with similar faint ones that pass up from each side toward the visceral 
region of the valve, and in rare cases meeting at the middle, the wrinkles 
ending posteriorly at the cardinal margin, upon which they produce an 
appearance similar to that of a curtain gathered upon a cord. 

Sl 
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Surface of the valve marked by fine, regular, rounded striz, some of 
which may be traced continuously from the umbonal region to the front, 
increasing by implantation, and occasionally coalescing; somewhat strong, 
erect spines are usually scattered over the surface, the cardinal border being 
furnished with numerous strong ones, pointing backward. 

Dorsal valve somewhat uniformly concave ; ears with folds or wrinkles 
corresponding with those of the other valve ; surface marked like that of 
the ventral valve, except that it is without spines and concentric folds, and 
that the lines of growth are rather more distinct upon it. 

Length of a very large specimen, six centimeters ; breadth, six and a 
half centimeters ; but the average size is about one-third less. 

This species ranges through the whole Coal-Measure or Carboniferous 
series ; and if, as now seems probable, P. levicostus White, from the Kinder- 
hook formation in Iowa, is not specifically different, its range is through all 
the strata of both the Subearboniferous and Carboniferous periods. 

Position and locality—Strata of the Carboniferous period :—near Santa 
Fé and Zandia Mountains, New Mexico: Piloncillo range near Gavilan Peak, 
and at the confluence of White Mountain and Black Rivers, Arizona : 
Egan range, thirty-five miles south of Egan Pass; Fossil Hill, White Pine 
County ; Roberts’ Creek range, Lander County; and top of Grass Mountain, 
Ely range, thirty-five miles north of Pioche, Nevada: near Beckwith 
Spring, Cedar range; near the top of Mount Nebo; and upon the west face 
of Oquirrh range, Utah. Imperfect specimens, apparently belonging to this 
species, were also found at Mountain Spring, Lincoln County, Nevada, and at 
a locality below Ophir City, Utah, in rocks that I have referred to the Sub- 
carboniferous period. As already shown, it is not improbable that the species 
ranges from strata of that period upward. 


Productus punctatus Martin, sp. 
’ Plate VII, fig. 2 a, b, and e. 


Anomites punctatus Martin, 1809, Petrificata Derb., pl. xxxvii, fig. 6 (only). 

Trigonia rugosa Parkinson, 1811, Organie Remains, iii, pl. xii, fig. 11. 

Productus punctatus Sowerby, 1822, Min. Conch., 22. 

Anoniites thecarius Schlotheim, 1523, Nachtrag zum Petref., ii, 63. 

Productus concentricus Potiez et Michaud, 1844, Gal. des Moll. du Mus. de Donai, ii, 25. 
Produeta punctata Phillips, 1836, Geology of Yorkshire, 215. 


CARBONIFEROUS PERIOD. 15) 


Leptena suleata Fischer, 1837, Oryet. du Gouv. de Moscou, pl. xxiii, fig. 2 (not Sowerby). 
Productus semipunctatus Shephard, 1838, Amer. Jour Sci., xxxiv, fig. 9. 

Productus punctatus de Koninck, 1843, Animaux Foss. Carb. Belg., 196. 

Productus punctatus de Verneuil, 1845, Russia and the Ural Mountains, ii, 276, 
Productus vittatus Hall, 1858, Geology of Iowa, i, pt. ii, 639. 

Productus punctatus Davidson, 1860, Monog. British Carb. Brachiopoda, 172. 
Productus tubulospinus McChesney, 1860, Descr. New Paleozoic Fossils, 37. 

Productus punctatus Meek, 1872, U. S. Geol. Surv. Nebraska. 

Shell large, thin; outline varying from imperfectly four-sided, the nar- 
rowest side being the posterior one, to subovate; sometimes wider than 
long, but oftener longer than wide; cardinal margin almost invariably 
shorter than the width of the shell at any part in front of it ; anterior border 
broadly rounded, but usually a little emarginate at the middle; sides 
flattened, by which means the lateral margins are somewhat straightened ; 
ears small. 

Ventral valve broadly arcuate from front to rear, in which direction 
there is also a broad mesial flattening of the valve, with usually a shallow 
but distinct mesial sinus along its middle; umbo prominent, narrow, beak 
small, incurved, and projecting slightly over the cardinal margin. Dorsal 
valve moderately concave; beak concave; mesial fold slightly raised, 
extending along the visceral and anterior portions of the valve. 

Surface of both valves marked by rather numerous and regular con- 
centric folds, which are smaller at the beak and borders than elsewhere 
upon adult shells, and smaller and more indistinct upon the dorsal than 
upon the ventral valve; interspaces between the concentric folds plain ; 
folds supporting numerous spines of various sizes, but all small, and all more 
or less appressed. 

Length of the specimen figured, four and a half centimeters; br eaaih, 
at the broadest part, four centimeters ; but this is rather smaller than the 
average size of adult shells. 

This species is known throughout the whole Coal- Measure series of 
the United States, especially in the valleys of the Mississippi and Missouri, 
and is also a common Carboniferous species in Europe. Besides its range 
through all the strata of the Carboniferous period in this country, examples 
are frequently found in the Subcarboniferous strata of Missouri, Illinois, 
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and Iowa that Iam quite unable to separate specifically from P. punctatus, 
among which are the examples described by Hall (loc. cit.) under that 
name, from the Keokuk limestone at Keokuk, Iowa, and Nauvoo, Illinois. 
The collections contain comparatively few specimens of this species, a fact 
probably due less to its scarcity or absence at other localities than to the 
well-known fragility of the shell, which has doubtless prevented its perfect 
preservation, such as we find in the case of many other shells associated 
with it. 

Position and locality.—Strata of the Carboniferous period; at and near 
the top of Grass Mountain, Ely range, thirty-five miles north of Pioche, 
Nevada. 


Productus Nebrascensis Owen. 
Plate VIII, fig. 3 a, b, c, and d. 


Productus Nebrascensis Owen, 1852, Geol. Report Iowa, Wisconsin, and Minnesota, 584. 

Productus Rogersi Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phila., n.s., iii, 9. 

Productus Rogersi Hall, 1856, Pacific Railroad Report, iii, 104. 

Productus asper McChesney, 1860, Descr. New Paleozoic Fossils, 34. 

Strophalosia horrescens Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 81 (not. 
Murchison, de Verneuil, and Keyserling, 1845). 

Productus Nebrascensis Meek, 1872, U. 8. Geol. Surv. Nebraska, 165. 


Shell of about average size for a species of this genus; outline, in front 
of the cardinal border, suboval or sub-hemispherical; length usually less than 
the breadth; hinge generally less in length than the greatest breadth of the 
shell, and seldom equaling it; antero-lateral margins strongly, and front 
margin broadly, rounded, the latter sometimes a little emarginate ; postero- 
lateral margins somewhat straightened upon, and in front of, the ears, 
meeting the cardinal border at a somewhat obtuse angle; ears small, seldom 
prominent. 

Ventral valve somewhat regularly convex from front to rear; greatest 
convexity behind the middle; umbo prominent, projecting behind the hinge- 
line; beak prominent, incurved a little over the cardinal margin; a mesial 
flattening, amounting sometimes, but rarely, to a distinct sinus, extending 
from the umbo to the front margin. Dorsal valve flattened in the visceral 


region, the antero-lateral and front portions curving abruptly upward; beak 
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and auricular regions depressed so as to produce a slightly-raised, rounded, 
diverging fold between them, respectively, at each side; mesial fold seldom 
distinct, and perceptible only at the front. 

Surface of both valves covered with numerous spines of different sizes, 
but all very small; those of the ventral valve are borne upon more or less 
distinctly defined concentric folds, and may be divided into two sets, or 
kinds, one consisting of the stronger and more erect spines, and the other 
of small, short ones, which latter are closely appressed against the surface ; 
both kinds are more or less connected by means of numerous raised, radiat- 
ing lines, which are apparent upon the concentric folds, but scarcely so 

upon the surface of the interspaces. 
: Length, thirty-three millimeters ; breadth, thirty-five millimeters. 

As usually obtained from a limestone matrix, the spines and more or 
less of the surface of the shell remain with the matrix. Such specimens 
present an appearance so different from that of those which have been perfectly 
preserved in a soft matrix that they have been referred to different species. 
Among references of this kind is that made by Professor Geinitz (Joc. cit.) 
of this species to Strophalosia horrescens. Concerning this I can only say 
that I have collected and examined hundreds of examples of this species 
from his typical locality, and from numerous other localities in Nebraska, 
Towa, Hlinois, and Missouri, many of them having the interior and all other 
parts well preserved and shown, and not one of them was found to possess 
any of the generic characters peculiar to Strophalosia. ‘That, as suggested 
by Dr. Geinitz, the genus Strophalosia may have been developed from Pro- 
ductus, and also that in some cases, while it was effecting such a generic 
transition, the specific characters may have remained comparatively 
unchanged, I am willing to believe; but that question need not be now 
discussed. That Productus Nebrascensis, however, affords any evidence of 
such a change, I am by no means prepared to admit. 

Position and locality—Strata of the Carboniferous period :—Camp 
Apache and Carrizo Creek, Maricopa County, Arizona: Rubyville, Schell 
Creek range; and top of Grass Mountain, Ely range, Nevada: Meadow 


Creek, south of Fillmore, Utah; and other localities. 
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Productus longispinus Sowerby. 
Plate VIII, tig. 5 a, b, ¢, and d. 


Productus longispinus Sowerby, 1514, Mineral Conchology, i, 154. 

Productus Flemingit Sowerby, 1814, ib., 154. 

Productus spinosus Sowerby, 1814, ib., 155. 

Productus lobatus Sowerby, 1814, ib., iv, 16. 

Producta setosa Phillips, 1836, Geol. of Yorkshire, ii, 214. 

Productus longispinus de Koninek, 1843, Anim. Foss. Terr. Carb. Belg., 184. 

Productus capacii VOrbigny, 1843, Voyage dans PAmérique Meérid., ili, 50. 

Productus tubarius Keyserling, 1846, Reise in das Petschora Land, 208. 

Productus longispinus Davidson, 1853, Int. Brit. Foss. Brach., pl. ix, 221. 

Productus Wabashensis Norwood and Pratten, 1854, Jour, Acad. Nat. Sci. Phila., n. s., 
iii, 13. 

Productus splendens Norwood and Pratten, 1854, ib., 11. 

Productus Orbignyanus Geinitz, 1866, Carbonformat. und Dyas in Neb., 56 (not de 
Koninck, 1848). 

Productus horridus Geinitz, 1866, ib., 55 (not Sowerby, 1822). 

Productus longispinus Meek, 1872, U. 8. Geol. Surv. Nebraska, 161. 


Shell small, almost always broader than long, usually broadest at the 
hinge-line; ears distinct, a little reflexed, sometimes very prominent, each 
antero-lateral border regularly rounded from the base of the ear to the 
mesial sinus. 

Ventral valve very gibbous, greatest convexity behind the middle, where 
the antero-posterior curvature is sometimes so abrupt as to make the hinder 
portion almost perpendicular with the plane of the margins, but the curva- 
ture is generally more regular, carrying the umbonal region to the rear of 
the hinge-line; beak small, slightly prominent, barely projecting over the 
cardinal margin; mesial sinus usually broad and distinct, but sometimes 
almost obsolete; postero-lateral slopes almost perpendicular with the ears. 
Surface of the valve marked by fine, radiating, rounded striz, which are 
variable in their distinctness and size in different shells as they are also in 
different varieties, more distinct on the ventral than on the dorsal valve, gen- 
erally obsolete on the umbonal region of both valves; striae crossed by fine 
concentric wrinkles, which are distinct in some specimens but obsolete in 
others; fine concentric lines of growth are also to be seen under a lens; spines 


strong, erect, long, scattered over the surface somewhat uniformly, but from 
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some specimens they have been removed so completely that they appear as 
if they had borne none. 

Dorsal valve concave, having a faint mesial fold in front corresponding 
with the sinus of the other valve. No spines have been observed on the 
dorsal valve; hut in other respects its surface is marked like that of the 
other. 

Length of a large specimen from Meadow Creek, Utah, eighteen milli- 
meters; length of a specimen of a variety obtained from near Santa Fé, 
New Mexico, twelve millimeters; breadth of the one last mentioned, thir- 
teen millimeters. 

The fact that Sowerby, who first described this species, divided it up 
into four, and that Phillips and Keyserling each added another one, is suf- 
ficient to indicate its variable character in Europe. The American forms 
are now almost universally regarded as identical with the European, and it 
is an interesting and significant fact that the species is as variable in this 
part of the world as its European representative is. Some of the American 
varieties are quite constant. The collections contain several fine examples, 
of one of these varieties from near Santa Fé, New Mexico, which variety is 
as worthy of a separate specific designation as any of those that have been 
mentioned. This variety is represented by figures 5 ¢ and d, Plate VIII. 
It uniformly smaller than the average size of typical examples; the mesial 
sinus is obsolete, spines delicate, and the surface upon the visceral region 
more or less distinctly wrinkled. 

Taking the view of the identity of this species that is indicated by the 
foregoing remarks, and the synonymy herewith presented, its geographical 
and geological range is found to be very great. It is a well-known fossil in 
the Carboniferous rocks of Europe, and also those of both North and South 
America. In this country, it is found to range through the whole series of 
strata of the Carboniferons-period; but, so far as I am aware, it has not thus 
far been found in the Subearboniferous rocks of North America. 

Position and locality—Strata of the Carboniferous period; east of 
Minersville, and at Meadow Creek, south of Fillmore, Utah; Camp Cot- 
tonwood, old Mormon road, Lincoln County, Nevada; near Santa Fé, 


New Mexico. 
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Productus muricatus Norwood and Pratten. 
Plate VIII, fig. 4 a, b, and ec. 
Productus ates Norwood and Pratten, 1854, Jour. Acad. Nat. Sci. Phila., n.s., 
ill, 

Among the collections made by Prof. J. J. Stevenson from the ‘“ Mid- 
dle Division, Carboniferous, Rock Creek, Lake County, Colorado”, are some 
imperfect but unmistakable specimens of P. muricatus Norwood and Prat- 
ten. This is quite a well-known form; but Mr. Meek (U. S. Geological 
Survey of Nebraska, page 161) refers it with doubt to P. longispinus. 
Having found, in a long familiarity with all these shells, that, unlike most 
of the admitted varieties of P. longispinus, this species retains its specific 
characteristics with great constancy over wide areas, I am disposed to 
regard it as a distinct species. 

So far as at present known, the geological range of the species is 
through the whole of the Carboniferous or Coal-Measure series. In Iowa, 
I found it almost characteristic of the Middle Coal-Measures, in the lime- 
stones and calcareous shales of which it was often found abundant. 


Productus Mexicanus Shumard (?). 
Plate VIII, fig. 6 a, b, and e. 
Productus Mexicanus Shumard, 1858, Trans. Acad. Sci. St. Louis, i, 291. 

Shell small, usually wider than long, emarginate in front, and flattened 
a little at the sides, giving it a somewhat four-sided outline when viewed 
vertically ; cardinal border equal to; or greater than, the greatest breadth 
of the body of the shell; ears more or less prominent, distinctly defined and 
convex upon the ventral side. Ventral valve strongly and somewhat regularly 
arched, the curvature being greatest posteriorly; beak somewhat prominent, 
and slightly incurved over the cardinal border; mesial sinus obsolete or 
indistinctly defined, and disappearing at the visceral region. 

Surface marked by from sixteen to twenty rounded, radiating coste, 
with interspaces of similar width, all of which are most distinct upon the front 
part of the shell; the visceral region marked by concentric wrinkles, and 
the whole surface by fine concentric lines of growth; strong erect spines 
are scattered over the surface of the ventral valve, borne upon the cost. 
Dorsal yalve unknown. 
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Length, fourteen millimeters; breadth, in front of the ears, fifteen milli- 
meters. 

This shell differs considerably from any Productus known to me in the 
Carboniferous strata, and especially from any of its size, in the proportion- 
ally large size of its costee. It answers the description given by Dr. Shumard 
(loc. cit.) in almost all particulars; but,as he gave no figure, I am a little 
in doubt as to its identity. Dr. Shumard described the species from what 
he then regarded as Permian strata of the. Guadalupe Mountains, New 
Mexico, but they are perhaps equivalent with those now generally regarded 
as belonging to the Carboniferous period. 

Position and locality—Strata of the Carboniferous period; Camp Cotton- 
wood, old Mormon road, Lincoln County, Nevada, and also near Salt 


lake, New Mexico. 
Genus CHONETES Fischer, 1837. 


Chonetes platynota White. 
Plate IX, fig. 6 a, b, c, d, and e. 
Chonetes platynota White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 19. 

Shell rather under average size, transversely suboval or indistinctly 
four-sided; length of hinge-line usually about equal to the greatest width 
of the shell, but it is sometimes a trifle greater and sometimes a trifle less. 

Ventral valve moderately convex, flattened a little toward the hinge- 
extremities, without*a defined mesial sinus, but in place of it there is a mesial 
flattening or a slight bending upward at the front, which straightens or 
emarginates the front border alittle; beak not prominent; area of moderate 
width, wider than that of the other valve, bearing on its posterior margin 
five or six rather small oblique tube-spines each side of the beak. 
Dorsal valve almost flat, as often a little convex as concave, especially from 
side to side; mesial fold represented only in adult shells, and in these only 
by a very slight elevation of the front margin following the slight flexure of 
the margin of the ventral valve. ' 

Surface of both valves marked by numerous fine, rather obscure, 
radiating striae, and occasional imbricating lines of growth. 

Length, nine millimeters; breadth, twelve millimeters. 
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There are only three species yet published from strata equivalent with 
those which contain this species that are likely in any degree to be confounded 
with it. From C. glabra Geinitz, which it resembles in size and outline, it 
differs in being radiately striated instead of smooth, in wanting a proper mesial 
fold and sinus, and in having a flat or slightly convex, instead of concave, 
dorsal valve. From C. Verneuilianus Norwood and Pratten, it differs in being 
much less extended at the hinge-line, in wanting a proper mesial fold and sinus, 
and in its flat or convex, instead of concave, dorsal valve. From C. granu- 
lifera Owen, it differs in its flat or slightly convex dorsal valve, its less 
_extended hinge, and in its much smaller size and different outline. 

Position and locality—Strata of the Carboniferous period ; near Santa 
Fé, and near Salt Lake, New Mexico. 


Chonetes granulifera Owen. 
Plate IX, fig, 8 a, b, and c. 


Chonetes granulifera Owen, 1855, Geol. Report Min., Iowa, and Wisconsin, 583. 
Chonetes mucronata Meek and Hayden, 1858, Proc. Acad. Nat. Sci. Phila., 262. 
Chonetes mucronata Meek and Hayden, 1864, Paleont. Upper Missouri, 22. 
Chonetes mucronata Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 60. 
Chonetes granulifera Meek, 1872, U.S. Geol. Surv. Nebraska, 170. 

Shell rather large, somewhat semicircular in outline, but the ears are 
often extended, and the front a little emarginate. Ventral valve having a 
broad general convexity, which is most prominent at the visceral region on 
each side of a broad, shallow mesial sinus; postero-lateral portions com- 
pressed; beak small, not prominent; cardinal margin having from six to 
ten oblique tube-spines on each side of the beak; area narrow; foramen 
broad, and partially closed by a convex pseudo-deltidium; dorsal valve 
more or less concave, greatest concavity at the beak and central portion ; 
ears flattened ; area well developed, narrow; the cardinal process occupying 
the unclosed portion of the foramen of the other valve. 

Surface of both valves marked by very fine, somewhat indistinct, 
radiating striz, which are crossed by a few concentric lines of growth. 
The hinge-line of the largest examples sometimes reaches a length of nearly 
three centimeters, and the shell a length of sixteen millimeters. 


_ This species is quite a.common one in the Upper Coal-Measures near 
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the Missouri River in Missouri, Jowa, and Nebraska, and is represented 
lower in the Carboniferous series in the two first-named States and in 
Illinois by shells of somewhat smaller size, but otherwise apparently identi- 
cal in species. . It is probable also that this last-named variety is identical 
with C. Smithii Norwood and Pratten, and if so it becomes another synonym 
of C. granulifera. 

Position and locality—Strata of the Carboniferous period (Upper 
Aubrey limestone); Kanab Canon, Arizona. 


Chonetes mesoloba Norwood and Pratten. 
Plate IX, fig. 7 a. 
Chonetes mesoloba Norwood and Pratten? 1854, Jour. Acad. Nat. Sci. Phila.,n. s., iii, 27. 


Shell rather small, transverse, somewhat distinctly quadrilateral, seldom 
wider at the hinge than it is in front of it. Ventral valve having a greater 
or less general convexity; mesial sinus comparatively large, and bearing 
along its middle a small mesial fold or lobe; between the sinus and the 
postero-lateral portions of the valve there is at each side a comparatively 
large, more or less prominent, rounded fold, extending from near the beak 
to the antero-lateral margin. Dorsal valve concave, having at the front two 
folds, with a mesial depression between them, the depression corresponding 
with the mesial lobe within the sinus of the ventral valve. Surface marked 
by fine radiating strize. 

Length of the specimen figured, six millimeters; breadth, nine milli- 
meters; but examples are often found that are one-third larger than this. 

The constant presence of a lobe or fold in the mesial sinus of the ven- 
tral valve of this shell clearly distinguishes it from all other known species 
of the genus. Its range is through the whole series of strata of the Carbon- 
iferous period in Illinois, Missouri, and Iowa. In the latter State, it has 
been found almost wholly confined to the Middle Coal-Measures. 

Position and locality—The collections contain only a single specimen 
of this interesting species, which was obtained from strata of the Carbon- 
iferous period, at the confluence of White Mountain and Black Livers, 


Arizona 
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Famity STROPHOMENID A. 
Gunus HEMIPRONITES Pander, 1830. 


Hemipronites crinistria Phillips, sp. 


Plate X, fig. 9 a. 


One of the most common fossils found in the rocks of the Carboniferous 
period in Illinois, Missouri, Iowa, Nebraska, and Kansas is a very variable 
shell that has during the past few years been generally referred to Hemipro- 
nites crassus Meek and Hayden. After the first publication of their descrip- 
tion of this species in the Proceedings of the Academy of Natural Sciences 
of Philadelphia, for 1858, they expressed great doubt (Paleontology of 
the Upper Missouri, 1864), whether it is really different from H. crinistria 
Phillips (sp.) of Europe. The genus Hemipronites is also freely rep- 
resented by different varieties in the Subcarboniferous strata of the States 
just named, so far as they exist there. After long study of these forms, 
from the strata of both periods, I have failed to discover entirely satis- 
factory grounds for the specific discrimination of more than one group. 

While I am not prepared to deny that there may be more than one 
species of Hemipronites among those hitherto described from the various 
strata referred to, I have at present very little doubt that the species long 
known as H. crassus ranges through all the strata of both the Subcarbon- 
iferous and Carboniferous periods in the States before named, and that the 
species is identical with H. crinistria Phillips. 'The reader is referred to the 
following works for descriptions and illustrations of most of the varieties of 
Hemipronites that have been published from strata of the Carboniferous age 
in America :—Geology of Iowa, Hall, vol. i, part ii, 1858; Paleontology of 
the Upper Missouri, Meek and Hayden, 1864; Transactions of the Chicago 
Academy of Sciences, vol. i, part i, 1867; United States Geological Survey 
of Nebraska, 1872; and Carbonformation und Dyas in Nebraska, Geinitz, 
1866. ; 

Position and locality—Strata of the Carboniferous period :—Meadow 
Creek, south of Fillmore; Star district, Picacho range; North Fork of 


Lewiston Canon, Oquirrh range; below Ophir City; Kanab Canon, 
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Wasatch range; pass between Rush and Cedar Valleys; and east side of 
Mount Nebo, Utah; top of Grass Mountain, Ely range; Fossil Hill; 
Camp Apache; old Potosi mine; Tenney’s Ranch; Kaibab Plateau; and 
at the confluence of White Mountain and Black Rivers, Nevada. 


GENUS ORTHIS Dalman, 1828, 
Orthis Pecosii Marcon. 
Plate IX, fig. 5 a, b, ¢, d, and e. 


Orthis Pecositi Marcou, 1858*, Geol. North America, 48. 
Orthis carbonaria Swallow, 1858, Trans. St. Louis Acad. Sci., i, 218. 


Orthis carbonaria Meek, 1872, U. S. Geol. Surv. Nebraska, 173. 

Shell small, sublenticular; outline subcircular or subovate; length and 
breadth nearly equal, but sometimes the length is a little the greatest ; front 
margin regularly rounded or slightly emarginate; hinge-line very short, 
less than half the breadth of the shell. Ventral valve having its greatest 
convexity at the umbo, often flattened a little at the front, but without a 
definite mesial sinus; beak small, pointed, somewhat prominent, and arched 
over the small, well-defined area, which arches with it. 

Dorsal valve more convex than the ventral in old shells, its greatest 
convexity being behind the middle, generally having a mesial flattening 
extending from the umbo to the front, but no definite mesial sinus; area 
distinct, but smaller than that of the other valve ; beak small, not prominent. 

Surface of both valves marked by fine, close-set, radiating striae, which 
increase mainly by implantation, but occasionally by bifurcation; the 
striz crossed by fine concentric lines of growth, and, toward the front of 
old specimens, by imbricating lines. 

The strize often show small pores upon their backs, apparently marking 
the former places of minute tubular spines. 


* Orthis Pecosii, Retzia Mormonii, Rhynchonella Uta, R. Rockymontana, and Spirifer Rockymontana were 
published by Marcou in his Geology of North America. I have obtained satisfactory evidence that the 
work was published as early as March 1, 1&58. Vol. xv of the Bulletin de la Société Géologique de 
France contains a statement that a copy of the book was sent to that society on April 20, 1858. In the 
same year, Shumard and Swallow. published a paper containing descriptions of the three first-named 
species, under other names, in the Transactions of the St. Louis Academy of Sciences, but that publication 
was not made until about the first of June. In December of the same year, Hall published in the Geo- 
logical Report of Iowa, Spirifer Rockymontana as 8. opimus ; and in 1860, McChesney published 2. Rocky- 
montana as It. ctoniaformis. It thus appears clear that Marcou is entitled to priority of all five of the 
names above given, as stated in the synonymy heading the descriptions of those species in this report. 
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Width and length of a large specimen, each thirteen millimeters ; but 
the average size is nearly one-third less. 

This little shell belongs to a section of the genus Orthis, of which 0. 
Michilini may be cited as the type, and of which O. Pecosii is the only 
representative known to me in American strata above the Subcarboniferous. 
It is very constant in its specific characters, and has a wide geographical 
range. Professor Marcou’s type-specimens were obtained from New Mexico, 
but it is not an uncommon shell in the Middle and Upper Coal-Measures 
of Illinois, Iowa, Missouri, Kansas, and Nebraska. There is a small species 
of Orthis in the Keokuk limestone (Subcarboniferous) of Iowa and Tlinois, 
which is very closely related to this one If it is not identical with 0. 
Pecosii, the range of the latter is probably confined to strata of the Carbon- 
iferous period alone. 

Position and locality —Strata of the Carboniferous period ; near Santa 
Fé, New Mexico. 


GENUS MEEKELLA White and St. John, 1867. 


Meekella striatocostata Cox, sp. 
Plate IX, fig. 4 a, b, ec, d, and e. 


Plicatula striatocostata Cox, 1857, Geol. Report Kentucky, iii, 568. 

Orthisina Shumardiana Swallow, 1858, Trans. St. Louis Acad. Sci., i, 183. 

Orthisina Missouriensis Swallow, 1858, ib., 219. 

Streptorhynchus pyramidalis Newberry, 1861, Exp. Exped. Col. River, Paleont., 126. 
Streptorhynchus occidentalis Newberry, 1861, ib., 126. 

Orthis striatocostata Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 48. 

Meekella striatocostata White and St. John, 1867, Trans. Chicago Acad. Sci., i, pt. 1, 120. 
Meckella striatocostata Meek, 1872, U. 8. Geol. Surv. Nebraska, 175. 

Shell variable in size and shape, indistinctly trihedral in outline ; both 
valves becoming gibbous at full adult age; hinge-line generally much 
shorter than the greatest breadth of the shell. 

Ventral valve usually more capacious than the other, but sometimes 
the difference in this respect is slight, deepest near the umbo ; beak almost 
always more or less distorted by being flattened, depressed, bent backward 
or toward one side or the other, usually toward the dextral side; area 
triangular, more or less irregular in consequence of the distortion of the 


beak; height of area seldom so great as its width at the base, and is often 
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much less, its lateral borders well defined, finely striated, both vertically 
and transversely ; fissure varying in proportional width, but usually quite 
narrow, and completely closed by a pseudo-deltidium, which is more or less 
flattened along each side, prominent along the middle, along which promi- 
nence there is a slightly-raised mesial line. 

Dorsal valve capacious, more regularly convex than the other; con- 
vexity so great behind the middle as to carry a portion of the valve a little 
behind the hinge-line, flattened a little toward the front, suggestive of a 
mesial sinus, but seldom or never possessing a true one; beak strongly 
incurved, not projecting over the cardinal border; area obsolete; postero- 
lateral portions laterally compressed, leaving small thin ears at the hinge- 
extremities. 

Surface of each valve marked by from ten to fourteen, more or less 
angular, radiating plications, having deep, angular interspaces between them ; 
plications not extending to the beak, increasing in size toward the front, 
mostly simple, but sometimes bifurcating ; plications and interspaces both 
marked by numerous fine radiating strize, which, toward the front margin of 
adult shells, usually converge to the crests of the plications, upon which they 
meet at acute angles; crossing these converging lines, there are also usually 
zig-zag lines of growth to be seen. The convergence of the radiating striz 
does not take place until the shell has reached nearly mature size, and 
occasionally not then. 

This shell is variable in size and shape, and to some extent in its surface- 
markings also; but its general characteristics are such as to separate it 
widely from any associated forms. Two principal varieties of the species 
have been recognized and published as separate species; but in the Upper 
Coal-Measure rocks of Iowa I have found these two varieties associated 
with such intermediate forms as to convince me that they are not specific- 
ally distinct. Some of these differences appear to be of such a character 
only as all species are subject to, and some of them are evidently due to 
difference in age alone. 

I have not yet seen any American shell belonging to the genus Mee- 
kella that I regard as specifically distinct from JZ. striatocostata. Compared 
with a specimen of Streptorhynchus pectiniformis Davidson, sent me from 
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England by that gentleman, from collections made in Punjab, India, many 
specimens of our shell are found to be specifically undistinguishable from 
it by external features; and, unless its internal characters should prove to be 
different, it cannot be regarded as specifically distinct from JZ. striatocostata. 
In Iowa and Nebraska, it is confined to strata of the Upper Coal-Measures. 

Length of one of the specimens figured, twenty-five millimeters; 
breadth, twenty-six millimeters; height, twenty millimeters; but examples 
are occasionally found having nearly or quite double these dimensions, but 
in such large ones the height is not often proportionally so great. 

Position and locality—Strata of the Carboniferous period :—Camp Cot- 
tonwood, Lincoln County, Nevada: Tenney’s Ranch, Kaibab Plateau, 
Arizona: Kanab Canon; Meadow Creek, south of Fillmore; Le Verkin’s 
Creek; and at a cliff east of Belleview, Utah. 


Famity RHYNCHONELLIDA. 
GENUS RHYNCHONELLA Fischer, 1809. 
Rhynchonella Uta Marcon, sp. 
Plate IX, fig. 2 a, b, and c. 


Terebratula Uta Marcou, 1858,* Geology of North America, 51. 

Rhynchonella (Camarophora) Osagensis Swallow, 1858, Trans. St. Louis Acad. Sci., i, 219. 

Camarophora globulina Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 38 (not 
C. globulina Phillips, sp., 1834). 

Rhynchonella Osagensis Meek, 1872, U. S. Geol. Surv. Nebraska, 179. 

Shell rather small, varying considerably in form, usually somewhat 
trihedral, and a little wider than long; postero-lateral margins converging 
at an angle, varying in different shells from eighty to one hundred and ten 
degrees; front broadly rounded, emarginate at the middle. 

Dorsal valve more capacious than the ventral, abruptly convex at the 
front; beak strongly incurved; mesial fold not prominent, and perceptible 
only at the front; plications somewhat angular, from nine to twelve in num- 
ber, becoming obsolete at the middle and sides of the valve; three or four 
of these plications are borne upon the mesial fold, and there are also three 


or four upon each side of it. 


See foot-note concerning date of publication on page 125. 
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Ventral valve rather shallow, similar to the other valve in number, dis- 
tribution, and character of the plications; mesial sinus broad, shallow, and 
short, generally having two plications at its bottom, but sometimes three ; 
all the plications in both valves disappearing about the middle, so that the 
surface of the posterior portion of the shell is almost entirely unmarked 
except by faint concentric lines of growth. 

Usual length of adult examples about ten millimeters; breadth, eleven 
millimeters; but many much smaller examples are found, and the collec- 
tions contain a few specimens figured on Plate IX, the dimensions of which 
are one-third greater than those given, and yet they seem evidently refera- 
ble to this species. 

This shell has quite a wide geographical range, being found in the 
Carboniferous strata of Illinois, lowa, Missouri, Kansas, and Nebraska, and 
Professor Marcou obtained his type-specimens from near Great Salt Lake, 
Utah So far as known, it is confined to the strata of the Carboniferous 
period. It is more nearly related to £. Ottumwa White than to any other 
shell known to me, the more gibbous examples of which it closely resembles. 

Position and locality —Strata of the Carboniferous period; North Fork 
of Lewiston Canon, Oquirrh range, and at Meadow Creek, south of Fill- 
more, Utah. 

Rhynchonella metallica White. 
Plate X, fig. 10 a, b, c, and d. 
Rhynchonella metallica White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 20. 

Shell rather less than medium size, depressed, or moderately inflated 
when adult; transversely suboval in outline ; antero-lateral borders abruptly 
rounded; front broadly rounded, but usually straightened or slightly 
emarginate at the middle; postero-lateral margins straightened, laterally 
compressed, and converging to the beaks at a very obtuse angle. 

Dorsal valve more capacious than the ventral, broadly convex from 
side to side, a little flattened near the beak, abruptly bent downward at the 
margins; mesial fold broad, not much elevated, discernible only on the 
anterior part of the valve. 

Ventral valve comparatively shallow, slightly convex from side to side ; 

OF 


150 CARBONIFEROUS PERIOD. 


cortvexity from the umbo to the antero-lateral margins about the same as 
it is from side to side; beak small, prominent, and incurved over that of 
the dorsal valve; mesial sinus broad, becoming obsolete near the middle of 
the shell, and is entirely wanting upon the posterior portion. 

Surface marked by from fourteen to sixteen simple, angular, plications 
upon each valve, with angular interspaces of similar width between them, 
all of which are continuous from the front to the beaks; about four of these 
plications are borne in the mesial sinus, and five of them upon the mesial 
fold. 

Length, ten millimeters; breadth twelve, millimeters; height, seven 
millimeters. 

This shell is more nearly related to 2. Cooperensis Shumard from the 
Subcarboniferous strata of Missouri than any other species with which I am 
acquainted; but it differs in having a less number of plications, and in want- 
ing the numerous filiform strive that mark the surface of that shell. 

Position and locality—Strata of the Carboniferous period; Old Potosi 
Mine, Lincoln County, Nevada. 


Rhynchonella Wasatchensis White. 
Plate IX, fig. 3 a, b, ¢, and d. 
Rhynchonella Wasatchensis White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss, 19. 

Shell under medium size, sublenticular or subglobose; valves nearly 
alike in their convexity; length equal to, or slightly greater than, the 
breadth ; antero-lateral and front margins somewhat regularly rounded, the 
front being slightly straightened or a little emarginate ; postero-lateral mar- 
gins converging to the beaks at an obtuse angle. 

Dorsal valve broadly convex from side to side; convexity from beak 
to front regular buta little greater than it is transversely ; umbo prominent ; 
beak strongly incurved ; mesial fold obsolete or wanting. 

Ventral valve strongly and somewhat regularly arching from beak to 
front; convexity from side to side a little less than it is longitudinally and 
about the same as the transverse convexity of the other valve; beak some- 
what prominent and ineurved over the beak of the dorsal valve; mesial 


sinus obsolete or wanting. 
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Surface marked by a few obscure radiating striae, which are most con- 
spicuous near the median line of each valve; fine concentric striz are nu- 
merous, and in the adult shell there are also strong imbricating lines of 
erowth near the front and lateral margins. 

Length, fifteen millimeters; breadth, fourteen millimeters; height, 
twelve millimeters. 

This shell is not only without the plications so common to the paleozoic 
species of Rhynchonella, but it has also a different general aspect. ‘This has 
caused some doubts to arise as to the propriety of referring it to that genus, 
but the broken ventral beak shows no other characters than those of 
Rhynchonella, and the shell-structure is also distinctly fibrous and not 
punctate. 

Position and locality —Strata of the Carboniferous period; Rock Canon, 
Wasatch Range, near Provo, Utah, where only a single example was 
obtained. 

Rhynchonella Rockymontana Marcou. 
Plate IX, fig. 1 a, b, c, and d. 
Terebratula Rockymontana Marcon, 1858, Geology of North America, 50. 
Rhynchonella eatoniaformis McChesney, 1860, Description New Pal. Fossils, 49. 

Shell rather large, inflated, subtrihedral in outline, broadest near the 
front; sides somewhat regularly rounded from the antero-lateral portions 
to fhe beaks. Ventral valve having its greatest convexity toward the beak ; 
sides sloping away from the middle with slight convexity and becoming 
flattened or sometimes even a little concave near the lateral margins; beak 
rather small, prominent, and closely incurved over that of the other valve ; 
mesial sinus very broad but not deep, prolonged far upward at the front, 
becoming obsolete about the middle of the valve and is entirely wanting 
upon its posterior portion; from two to four depressed angular plications 
occupy the mesial sinus and disappear with it, the sides and posterior por- 
tion being free from plications. Dorsal valve more capacious than the 
ventral; mesial fold distinct at. the front, and, like the mesial sinus, becoming 
obsolete about the middle of the valve; from three to five plications like 
those of the other valve mark the fold, but the surface upon each side of it 


is plain like that of the posterior portions of both valves. The whole 
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surface marked by fine striae of growth, but no radiating striz have been 
detected. 

Length, twenty-five millimeters; breadth, twenty-six millimeters ; 
height, seventeen millimeters. 

The only American shell likely to be confounded with this species is 
ft. Missouriensis Shumard, but it differs somewhat in outline and propor- 
tions as given in the description and figures of Dr. Shumard and also in the 
character of the plications. There is a shell in the Kinderhook formation 
at and in the vicinity of Burlington, Iowa, which is usually referred to 2. 
Missouriensis. If that shell is correctly so referred, it differs materially from 
Lt. Lockymontana in being plainly marked by numerous distinct, radiating 
striw upon both valves. This shell is also very closely like R. reniformis 
Sowerby from the Carboniferous strata of England, and may possibly be 
identical with it. 

Position and locality—Strata of the Carboniferous period; near Beck- 
with Spring, Cedar range, Utah. Professor Marcou obtained his type- 
specimens from Pecos Village, New Mexico, where he found them associated 


with Productus semircticulatus and Spirigera subtilita. 


FamiIty SPIRIFERIDA. 
GENUS SPIRIFER SOWERBY, 1815. 
Spirifer cameratus Morton. 


Plate X, fig. 1 a, b, e¢, and d. 
Spirifer cameratus Morton, 1836, American Journal Science, xxix, 150. 
Spirifer triplicatus Hall, 1852, Stansbury’s Expedition Great Salt Lake, 410. 
Spirifer Meusebachanus Roemer, 1852, Kreidebildung von Texas, 88. 
Spirifer cameratus Hall, 1856, Pacific Railroad Surveys, iii, 102. 
Spirifer cameratus Hall, 1858, Geology of Iowa, i, pt. ii, 709. 
Spirifer cameratus Meek, 1872, U. S. Geol. Surv. Nebraska, 183. 

Shell usually of medium size, but sometimes quite large, subsemicir- 
cular or subtrihedral in outline, almost always broadest at the hinge-line ; 
the hinge-extremities often pointed and sometimes mucronate. 

Dorsal valve not quite so capacious as the other; mesial fold distinct, 
broad at the front, sometimes sharply elevated, but more commonly rounded, 


clearly defined from front to beak, and rapidly increasing in width to the 


CARBONIFEROUS PERIOD. 133 


- front by the greater or less curving-outward of the sides; sides of the valve 
sloping almost directly from the mesial fold to the lateral borders; antero- 
posterior convexity of the mesial fold very slight from front to middle, but 
increasing from the middle to the beak; beak small, projecting slightly over 
the cardinal border. 

Ventral valve strongly arching from beak to front, the beak being 
prominent, pointed, and curved over the area; area concave, of moderate 
width, and not narrowing to asharp angle at the hinge-extremities; foramen 
almost equilaterally triangular, partially closed by a pseudo-deltidium, which 
is often removed by weathering; mesial sinus well defined from front to 
beak, and in all respects answering to the mesial fold’ of the other valve. 

Surface marked by numerous distinct, rounded striz of unequal size, 
which increase gradually in size toward the front; strixe increasing in 
number by the division near the beak of the few that are continuous to its 
point ; they are thus generally gathered into more or less distinet fascicles 
of three or more stria in each, the middle striae of the fascicle being the 
most prominent, and also the one that reaches the point of the beak; the 
mesial fold and sinus usually have strize of the same character and arrange- 
ment as the sides of the shell have, but in some rare cases they are obsolete 
upon the sides of the fold and sinus respectively. Besides the radiating 
striz the usual concentric lines and occasional coarser marks of growth 
exist. 

Length of a good-sized example, thirty-two millimeters ; breadth, at 
the hinge-line, forty-three millimeters; height, twenty-two millimeters. 

This is one of the most common species in American strata of the Car- 
boniferous period, and may generally be identified without hesitation, but 
there are some varieties of it that give more trouble in satisfactory identifica- 
tion. One variety has been described by Professor Swallow as var. 
Kansasensis, which is more than usually transverse, and the striae nearly 
uniform in size, and not fasciculated, as they are in typical examples, 
approaching in these respects S. striatus Martin, sp. 

Position and locality—Strata of the Carboniferous period :—Fossil Hill, 
White Pine County; Ely range; Old Potosi Mine, Lincoln County, and 


Egan range, thirty-five miles south of Egan Pass, Nevada; Camp Apache, 
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Maricopa County ; Salt River; confluence of White Mountain and Black 
Rivers; and Canon Butte, Arizona; Oquirrh range,near Camp Floyd; Lake 
range, on Fairfield road; west face of Oquirrh range; North Fork of 
Lewiston Canon, Oquirrh range; cliff east of Belleview; Meadow Creek, 
south of Fillmore; North Star district, Picacho range; near Beckwith 
Spring, Cedar range; Rock Canon, Wasatch range, near Provo, and Virgin 


range, southwest of Saint George, Utah. : 
Spirifer striatus Martin, sp. 


The collections contain some examples of Spirifer that are more or 
Jess imperfect, but which are so closely like S. striatus that I am unwilling 
at present to make any other assignment of them. They are from strata 
of the Carboniferous period, near Fort Bayard, New Mexico, and the North 
Star district, Picacho range, Utah. 

They seem to be different from Professor Swallow’s variety of S. 
cameratus before mentioned, and are evidently identical with the shell 
referred by Professor Marcou to this species in his Geology of North 
America, examples of which he obtained in part from localities not far | 
distant from those at which ours were obtained. Specimens of this species 
were also obtained from the Subcarboniferous strata at Mountain Spring, 
old Mormon road, Nevada, which are noticed on a previous page. 


Spirifer rockymontanus Marcou. 
Plate XI, fig. 9, a, b, ce, and da. 


Spirifer rockymontant Marcon, 1858,* Geol. North America, 50. 
Spirifer opimus Hall, 1858, Geol. Iowa, i, pt. ii, 711. 
Spirifer subventricosa McChesney, 1560, Deser. New Paleozoic Foss., 44. 

Shell very variable in outline, some examples being scarcely broader than 
long, while the length and breadth of others have the relative proportions of 
seven to ten; regularly rounded in front of the hinge, the hinge-line being 
usually a trifle shorter than the breadth of the shell immediately in 
front of it; the valves are of almost equal capacity, and more or less 


gibbous. Ventral valve having a moderately well-defined mesial sinus, 


*See foot-note on page 125 concerniug date of publication of this species, 
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which is wide at the front, and distinctly defined from front to beak ; area 
of moderate width, concave, the beak being strongly incurved over it. 

Dorsal valve having a mesial fold corresponding in shape and distinet- 
ness with the sinus of the other valve; beak not prominent, projecting very 
little over the cardinal border. 

Surface of each valve bearing from twenty-four to thirty radiating pli- 
cations, distributed over the sides and also upon the fold and sinus; the 
middle plications somewhat larger than any of the others, the size diminish- 
ing gradually toward the postero-lateral regions. 

The numerous specimens of this species in the collections present most 
perplexing variations, and I have repeatedly been almost persuaded to 
arrange some of them under a separate specific name, but the presence of 
intermediate forms has prevented such a decision. I have no doubt of the 
specific identity of our shell with S. Rockymontanus Marcou, and it will also 
be noticed that some of our examples were obtained from near the same 
localities that furnished the type-specimens used by Professor Marcou in 
writing his description. Many of the examples under examination agree in 
all essential particulars with S. opimus Hall, which thus becomes asynonym 
of S. Rockymontanus. Compared with figures and descriptions of S. besulcatus 
Sowerby from the Subcarboniferous strata of Great Britain, some. of our 
examples agree so closely that I suspect this American shell may, after all, 
prove to be identical with that Huropean species. 

Position and locality—Strata of the Carboniferous period: North Fork 
of Lewiston Canon, Oquirrh range, and upon the west face of Oquirrh 
range, Utah; also near Santa I'¢, New Mexico. 


SuBGENus MARTINIA McCoy, 1844. 
Spirifer (Martinia) planoconvexus Shumard. 
Plate X, fig. 3 a, b, and e. 
Spirifer planoconvecus Shumard, 1855, Geological Report of Missouri, 202. 
Ambocelia gemmula McChesney, 1860, Descr. New Paleozoic Fossils, 41. : 
Spirifer planoconvecus Meek and Hayden, 1864, Paleont. Upper Missouri, 20, 21. 
Spirifer planoconvexus Geinitz, 1866, Carbonformation und Dyas in Nebraska, 42. 
Compare with Spirifer Urii Fleming, 1828, British Animals, 376. 
Shell very small; breadth varying from a little more to a little less 


than the length; hinge-line of considerable length, but always shorter than 
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the full breadth of the shell in front of it; lateral and front borders regu- 
larly and continuously rounded. 

The dorsal valve would be almost circular but for its truncation by the 
hinge-line, nearly flat, but slightly convex at the umbo, and sometimes 
slightly concave at the front; beak minute, not prominent; area very nar- 
row. 

Ventral valve capacious, especially its posterior portion, which extends 
much behind the hinge-line, and ends in a prominent, strongly incurving, 
pointed beak; area very narrow, high, concave; mesial sinus absent, but 
in its place there is usually a slight flattening at the front, and sometimes 
an indistinctly impressed line is to be seen extending from beak to front. 

Surface apparently smooth, but under a lens it is seen to be finely 
granular, the apparent granules being the bases of minute setz ; afew con- 
centric lines of growth are usually observable upon both valves. 

This shell agrees so closely in many respects with S. Urii Fleming, 
from the British Carboniferous strata, that the propriety of placing it under 
any other specific name may well be questioned. In view, however, of the 
fact that the characteristics of this subgenus admit ef the development of 
very few salient specific characters, I am at present disposed to regard 
these minor differences as affording suflicient reason for continuing the use 
of Shumard’s name. It is one of the most common species in American 
rocks of the Carboniferous period, having been found in the Coal-Measure 
strata of Virginia, Pennsylvania, Illinois, Missouri, Iowa, Nebraska, and 
Kansas, besides. the regions that have supplied it to our collections, being 
generally most abundant in the upper portion of the series. It is often gre- 
garious; some portions of the strata in which it occurs being composed 
mainly of shells of this species alone. The collections, however, contain 
comparatively few examples. 

Position and locality—Strata of the Carboniferous period: near Santa 
Fé, New Mexico; and at Elko Mountain, Nevada. 


Spirifer (Martinia) glaber var. contracta Meek and Worthen. 
Plate X, fig. 2 a, b, ande. 


Anomites glaber Martin, 1809, Petrificata Derbiensia, pl. xlviil, figs. 9, 10. 
Spirifer glaber Sowerby, 1820, Mineral Conchology, iii, 123. 
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Trigonotreta oblata Bronn, 1836, Lethawa Geognostica, i, 81. 

Spirifer glaber Phillips, 1836, Geology of Yorkshire, ii, 219. 

Spirifer levigatus von Buch, 1840, Mém. de la Soc. Geol. de France, iv, 198. 

Spirifer gluber de Koninck, 1844, Animaux Fossiles de la Bélgique, 267, 

Martinia glabra McCoy, 1844, Synopsis Carb. Fossils of Ireland, 139. 

Spirifera glabra McCoy, 1855, British Paleozoic Fossils, 428. 

Spirifera glabra Davidson, 1857, Monog. British Carb. Brachiopoda, 59. 

Spirifer glaber var, contracta Meek and Worthen, 1866, Geol. Surv. of Illinois, ii, 298. 

Shell reaching about medium size, rotund, gibbous, 6r becoming much 
inflated with age; length and breadth usually about equal; hinge-line short, 
not quite equal to half the transverse diameter of the shell. Dorsal valve 
less capacious than the other, subcircular, broadly rounded in front, most 
convex near the beak; the beak is small, slightly prominent, and projects 
’ trifle over the cardinal margin. Ventral valve capacious, arcuate; umbo 
extended much behind the hinge-line, especially in adult shells ; mesial sinus 
absent or obsolete ; beak prominent, pointed, and strongly incurved; area 
narrow laterally, moderately high, concave, lateral borders obscurely 
defined; foramen comparatively large, occupying the greater part of the 
area. 

Surface apparently smooth, but under a lens fine concentric lines are 
seen, which appear to have been the seat of concentric rows of very minute 
sete ; concentric folds are also sometiines present, especially toward the 
margins of old shells. 

Length and breadth of the largest specimen in the collection, each six 
millimeters; height, twenty millimeters; but this is considerably larger than 
the average size of the others, and the height is proportionally greater. 

The type-specimens of this variety of S. glaber were obtained by Meek 
and Worthen from the Chester limestone (Subcarboniferous) at the town of 
Chester, Hlinois. Our shell agrees so exactly with it that I feel compelled 
to refer it to that variety notwithstanding the fact that it was obtained from 
strata of another and later period. The principal observable difference 
between ours and Meek and Worthen’s type-specimens seems to be a nearer 
approach in their shell to a defined mesial sinus than in ours, but this 
difference may be no more than an individual one. — If it is not referable to 
this variety, I am not able at present to refer it to any other than the original 


Huropean species. It especially resembles a variety from Yorkshire, 


138 CARBONIFEROUS PERIOD. 


England, which Mr. Davidson illustrates on Plate XII, figs. 8, 9, and 10, 
of his Monograph of British Carboniferous Brachiopoda, and refers with 
doubt to S. glabra. 

Position and locality.—Strata of the Carboniferous period; Camp Cotton- 
wood, Lincoln County, Nevada. 


GENUS SPIRIFERINA dOrbigny, 1847. 


Spiriferina Kentuckensis Shumard. 
Plate X, fig. 4 a, b, and e. 


Spirifer octoplicatus Hall, 1852, Stansbury’s Exped. Great Salt Lake, 409 (not S. octopli- 
catus Sowerby). : 

Spirifer Kentuckensis Shumard, 1855, Geol. Sury. Missouri, 203. 

Spirifer laminosus Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 45 (not S. 
laminosus McCoy). 

Spiriferina Kentuckensis Meek, 1872, U. S. Geol. Surv. Nebraska, 185. 


Shell small, very variable in outline, usually subsemicireular, but some- 
times the hinge-extremities are mucronate, and sometimes so shortened that 
the shell is subglobose in form, but it is always broader than long. Ventral 
valve more capacious than the other; beak prominent, arching backward ; 
area moderately high, well defined, concave; foramen higher than wide ; 
mesial sinus distinctly defined, rather narrow, often moderately deep, with- 
out plications, except occasionally a small obscure one at the bottom. 
Dorsal valve somewhat regularly convex; beak scarcely prominent, pro- 
jecting very slightly over the cardinal margin; mesial fold narrow, dis- 
tinctly defined, a faint linear depression sometimes observable along its 
middle corresponding with the small linear plication sometimes seen at the 
bottom of the sinus of the ventral valve. 

Surface of each valve marked by from ten to eighteen simple prominent 
plications, rounded or almost angular at top, and having interspaces of 
similar width between them; the plications bounding the sinus are a little 
larger and a little more prominent than the others, which thus serve to more 
clearly define the sinus from the remainder of the shell. The entire surface 
is also marked by fine, distinct, prominent, and closely-crowded lines of 
growth. 

Length of a specimen, of about average size and proportions, nine 


millimeters ; breadth between the hinge-extremities, thirteen millimeters. 
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Mr. Meek, in his Paleontological Report for the United States Geological 
Survey of Nebraska, has pointed out the close relationship of the more 
compact forms of this species with S. octoplicata Sowerby from the Sub- 
carboniferous strata of Europe, but expresses a doubt of its specific identity 
with the European shell. That it is really distinct from S. octoplicata is now 
apparently proven by the discovery in strata of the same period, and among 
the associates of S. Kentuckensis, of a species that seems to be unquestionably 
identical with the former species, and as certainly different from the latter. 

Position and locality-~Vhis species is quite a common one in the Car- 
boniferous strata of Kentucky, Iinois, Missouri, Iowa, Nebraska, Kansas, 
and Texas; but I am not aware that it has ever been discovered in strata 
of the Subearboniferous period. The collections contain it from strata of 
the Carboniferous period from near Santa I¢, New Mexico, at Meadow 
Creek, south of Fillmore, Utah, and Camp Apache, Arizona. The species 


is represented by an unexpectedly small number of specimens. 


Spiriferina octoplicata Sowerby. 
Plate X, fig. 8 a, b, and e. 


Spirifer octoplicatus Sowerby, 1827, Mineral Conchology, 120. 

Spirifer cristatus von Bach, 1837, Ueber Delthyris, 39. 

Spirifer cristatus McCoy, 1855, Synopsis Carb. Foss. Ireland, 135, 

Spiriferina cristata var. octoplicata Davidson, 1857, Monog. British Carb. Brachiopoda, 
38. 

Spiriferina spinosa var. campestris White, 1874, Expl. & Surv. west 100th Merid., 
Prelim. Report Invert. Foss., 21. 

Shell rather under medium size, suboval or somewhat tetrahedral in 
outline, broader than long, more or less gibbous; hinge-line extended, not 
mucronate, but usually a trifle shorter than the greatest breadth of the 
shell; valves of almost equal capacity. 

Mesial fold of the dorsal valve narrow, plain, distinctly defined from 
front to beak, elevated at the front of the more gibbous examples; beak of 
the valve slightly projecting over the cardinal margin. Mesial sinus of the 
ventral valve plain, narrow or of moderate width, distinctly defined from 
front to beak, sometimes extended much upward at the front; beak of the 


valve prominent, incurved, its area moderately high and gently arching. 
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Surface marked by from four to six strong, prominent, simple plica- 
tions on each side of the mesial fold and sinus respectively. The whole 
surface is also marked by fine granulations, and, near the front especially, 
by concentric lines of growth, but no spines have yet been detected. 
Exfoliated portions of the shell show its structure to be coarsely punctate. 

Length of a robust example, sixteen millimeters; breadth, twenty-one 
millimeters; height, fourteen millimeters. 

This species, as represented in the collections, has all the characteristics 
of the typical forms of S. octoplicata. S. Kentuckensis Shumard has been 
by some authors referred to that species, but our shell is distinguished from 
Shumard’s species by its greater size, its more robust form, less numerous 
and larger plications, and in the absence of the fine, prominent, concentric 
striation which that species possesses. It is very closely related to S. 
spinosa Norwood and Pratten, from the Chester limestone of the Subcarbon- 
iferous period at Chester, Hlinois. Indeed, almost the only difference I am 
able to detect between them is the apparently entire absence of spines from 
the surface of our examples, which characterize that species. Since we 
often find among other species of spine-bearing Brachiopods that there is a 
very great variation in the number of spines, even upon specimens associated 
together in the same strata, it may not be unreasonable to suppose that 
our shell has lineally descended from S. spinosa, suttering little or no change 
other than the loss of its spines during the transition from one geological 
_period to the other. In my preliminary report, I regarded the examples 
contained in the collections as those of a variety of S. spinosa, but even 
that species is not unlikely a variety of S. octoplicata. In any case, further 
comparison has convinced me that our examples agree more nearly with the 
last-named species than with S. spinosa. 

This supposition of lineal descent seems to be supported by the fact 
that more than one species found common in the Chester limestone forma- 
tion is distinguishable from certain Coal-Measure forms only with great dif- 
ficulty, if at all. 

Position and locality—Strata of the Carboniferous period; near Santa 
Fé, New Mexico, and at Camp Cottonwood, Lincoln County, Nevada. 
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GENUS RETZIA King, 1850. 
Reztia Mormonii Marcou. 
Plate X, fig. 7 a, b, and ¢. 

Terebratula Mormonii Marcou, 1858,* Geology of North America, 51, 
Retzia punctilifera Shumard, 1858, Trans. St. Louis Acad. Sci., i, 220. 
Retzia Mormonti Meek and Hayden, 1859, Proc. Acad. Nat. Sci. Phila., 27. 
Retzia subglobosa McChesney, 1860, Descr. New Pal. Fossils, 45. 
Retzia Mormonii Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 39. 
Retzia punctilifera Meek, 1872, U. S. Geol. Surv. Nebraska, 189. 

Shell small, ovate in outline, both valves more or less gibbous; hinge- 
line short; ears very minute, and observable only in well-preserved exam- 
ples. Ventral valve a little more capacious than the dorsal; posterior 
portion narrowed to the umbo, whichis prominent and considerably arched ; 
beak small, truncated by a foramen of moderate size; area small but well 
defined. Dorsal valve almost as prominently convex as the ventral; umbo 
prominent; beak incurved and extending a trifle over the cardinal border. 

Surface of each valve marked by from fourteen to seventeen simple, 
narrow, radiating cost, having interspaces of similar width; costee sharply 
elevated, their backs, as well as the bottoms of the interspaces, somewhat 
flattened; mesial fold and sinus wanting or obsolete. 

This shell is a characteristic and not uncommon one in the Carbonif- 
erous strata of ‘Tllinois, Missouri, Iowa, Nebraska, and Kansas, but it is 
represented by only a few examples in the collections. 

Position and locality—Strata of the Carboniferous period; near Santa 
Fé, New Mexico, and top of Grass Mountain, Ely range, thirty-five miles 
north of Pioche, Nevada. Professor Marcou obtained his type-specimens 
from Utah. 

Grnus SPIRIGERA @Orbigny, 1847. 
Spirigera subtilita Hall. 
Plate X, fig. 6 a, b, and e. 


Terebratula subtilita Hall, 1852, Stansbury’s Exped. Great Salt Lake, 409, 
Terebratula? subtilita Davidson, 1857, Monog. British Carb. Brach., 18. 
Spirigera subtilita Meek and Hayden, 1859, Proc. Acad. Nat. Sci. Phila., 20. 


* See foot-note concerning date of publication on page 125. 
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2 


Athyris subtilita Newberry, 1861, Exp. Exped. Colorado River, Paleontology, 126. 
Athyris subtilita Davidson, 1863, Fossils of Southern India, pl. ix, fig. 7. 

Athyris subtitita Meek, 1872, U.S. Geol. Surv. Nebraska, 180. 

Compare Athyris subquadrata Hall, 1858, Geology of Iowa, i, part ii, 703. 

Shell of moderate size, varying considerably in outline, but is generally 
subovate; seldom, if ever, as wide as it is long, moderately gibbous, but 
sometimes old shells are much inflated. Ventral valve generally a little 
more capacious than the dorsal; beak prominent, strongly incurved; mesial 
sinus not very deep, even at the front, and becoming obsolete about the 
middle; a more or less distinctly-impressed line usually exists along the 
bottom of the sinus, extending from front to beak. 

Dorsal valve somewhat uniformly convex, but most prominently so 
near the umbo; beak small, slightly prominent; mesial fold not distinctly 
defined. 

Surface marked by concentric striae and by occasional imbricating 
lines of growth; faint traces of radiating striz, such as are common on 
shells of this genus, are also occasionally seen. 

Length of a specimen of ordinary size, twenty-four millimeters ; 
breadth, twenty millimeters ; height, nine millimeters. 

In all the variations this shell is subject to, it is easily recognized after 
an acquaintance with the species has once been formed. One of the most 
noticeable of its constant characteristics is the impressed rfiesial line at the 
bottom of the sinus of the ventral valve, and extending from front to beak. 
This feature is rarely obscure, and usually distinct. 

This species ranges through the whole series of strata of the Carbon- 
iferous period into the Permian, according to Mr. Meek; but it has not yet 
been recognized in the Subcarboniferous rocks of America, unless S. sub- 
lamellosa Hall, from the Chester limestone of Illinois, should prove to be a 
variety of this species. In England and India, however, it has been recog- 
nized in Subcarboniferous strata. Besides the localities at which it was 
collected by the exploring parties, it has been obtained from the Carbon- 
iferous strata of West Virginia, Ohio, Illinois, Missouri, Iowa, Nebraska, 
and Kansas, and also from the Permian rocks of the latter State. 

Position and locality—The following are the localities that have fur- 
nished the species to the collections :—Carizo Creek, Maricopa County ; 
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Camp Apache; Tenney’s Ranch, Kaibab Plateau; confluence of White 
Mountain and Black Rivers; Grass Mountain, thirty-five miles north of 
Pioche; and foot-hills of Dragoon Mountains, Arizona: Fossil Hill, White 
Pine County; and Camp Cottonwood, Nevada: fifteen miles south of Saint 
George; near Ophir City; Rock Canon, Wasatch range, near Provo; and 
near Minersville, Utah. 

Spirigera planosulcata Phillips, sp. 


Plate X, fig. 5 a, b,c, and d. 
Spirifer planosulcata Phillips, 1836, Geology of Yorkshire, il, 220, 
Terebratula planosulcata Marcou, 1858, Geology of North America, 52. 
Compare Athyris sublamellosa Hall, 1858, Geology of Iowa, i, pt. ii, 702, 
Compare Athyris crassicardinalis White, 1860, Jour. Bost. Soe. Nat. Hist., vii, 229. 
Compare Athyris planosulcata 2? Meek and Worthen, 1866, Geol. Sury, Ilinois, ii, 254. 

Shellrather small, having asubtetrahedral, subpentahedral, or subeircular 
outline; both valves more or less gibbous; greatest breadth a little behind 
the middle, the valves almost equally capacious. Ventral valve without a 
proper mesial sinus, but in its place there is usually to be seena slight mesial 
attenfling extending from the front to about the middle; beak small, promi- 
nent, curving upward so as to bring its small foramen about on a plane with 
the margin of the valve. Dorsal valve broadly convex, but it is in most 
cases. mesially flattened a little at the front, like the ventral valve; this 
shght flattening of both valves produces a little straightening or truncation 
of the otherwise broadly-rounded front border. 

Surface marked by numerous imbricating lines of growth and ocea- 
sionally by faint traces of radiating strix. 

Length of an average-sized example in the collections, twelve milli- 
meters; breadth, thirteen millimeters; height, eight millimeters. 

The characteristics of this little shell as represented in the collections 
are quite constant, and it seems to agree in all essential respects with the 
species to which it is here referred ; but, so far as I have been able to make 
comparisons, I am not without some doubt as to its specific identity with S. 
planosulcata, nor can I satisfactorily refer it to any other described species. 
In external characters, which are the only ones that have been observed in 


the shell under discussion, it agrees almost exactly with S. crassicardinalis 
2 to) « 
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White from the Subcarboniferous strata at Burlington, Iowa. In general 
aspect, it is rather more nearly like that shell than the one which Meek and 
Worthen have referred (loc. cit.) to S. planosulcata from the Keokuk lime- 
stone of Illinois. If the species here described should be referred to any 
described American species, it ought, I think, to be referred to S. crassicar- 
dinalis White. 

Position and locality—Strata of the Carboniferous period: Santa Fé, 
New Mexico; and Rush Creek, Lake County, Colorado. 


Fammty TEREBRATULID&. 


Genus TEREBRATULA Lhwhyd, 1698. 
Suncenus DIELASMA King, 1859. 
Terebratula (Dielasma) bovidens Morton. 


Plate XI, fig. 10 a, b, and e. 


Terebratula bovidens Morton, 1836, Am. Jour. Sci. & Arts, xxix, 150. 

Terebratula millepunctata Hall, 1856, Pacific Railroad Surveys, iii, 101. 

Terebratula geniculosa McChesney, 1860, Deser. New Pal. Fossils, 82. 

Terebratula bovidens Meek, 1872, U.S. Geol. Surv. Nebraska, 187. 

Dielasma ? bovidens White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. miner 
Foss., 21. 

Shell ovate or elongate-ovate in outline; sides behind the middle lat- 
erally compressed, where also the shell is narrower, and its vertical diame- 
ter greater than in front of the middle. Ventral valve strongly arcuate 
from beak to front, the curvature being greatest behind the middle, rather 
more capacious than the other valve; beak prominent, incurved, but not 
coming quite in contact with that of the dorsal valve; foramen moderately 
large, not squarely truncating the beak, but opening obliquely backward ; 
mesial sinus broad, and more or less distinct at the anterior part of the 
valve, but becoming obsolete at or behind the middle; dental plates 
extending but little, if any, in front of the teeth, placed so near the sides of 
the beak that the space between them and the sides of the shell is very 
narrow. Dorsal valve generally almost straight along the median line from - 
the front margin to a little behind the middle, from which part it gently 


curves to the beak; gently and somewhat uniformly convex from side to 
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side, without a mesial fold, except that sometimes the {ront margin is slightly 
raised to conform to the shallow sinus of the other valve; character of the 
loop not fully determined, but it is known to reach farther forward than 
the middle of the shell. : 

Surface nearly smooth; shell-structure finely punctate. 

This shell varies considerably in size and shape; one specimen in my 
private collection from Nebraska measuring three centimeters in length, 
and is proportionally broad. Some in the collections from near Santa Fé 
are unusually elongate, in which respect they seem to possess somewhat 
defmite varietal characters ; one of them measuring about twenty-five milli- 
meters in length, thirteen millimeters in breadth, and ten millimeters in 
height. The average size is about seventeen millimeters long and twelve 
or thirteen millimeters broad. 

The presence of an elongated brachial loop in this shell, together with 
the dental plates in the beak of the ventral valve, plainly shows that its 
reference hitherto to the genus Terebratula proper isincorrect. Fragments of 
the loop have been seen by breaking some of the solidly-filled shells of the 
collections, but the best observations of that kind were made upon some 
examples from Iowa. These were filled with calcite in the process of their 
mineralization, the transparency of which allowed the loop to be seen by 
transmitted light after the shell had been ground off, and polished above 
and below. Only the general form and extent of the loop were ascertained, 
as the details were obscured by the confused character of the crystalline 
filling; but it is apparently much like that of Waldheimia. Besides the 
dental plates, a broken example among the collections shows what is appar- 
ently the bird-sternum-like process of the dorsal valve that characterizes 


Dielasma, as described by Professor King ; 


@; but this is not shown clearly. 


The subgenus Dielasma is evidently closely allied to Cryptonella Hall; and 
if it is not really identical, the differences are apparently confined to internal 
characters alone. Cryptonella is known to exist in the Subearboniferous 
strata of Michigan; but its presence in strata of the Carboniferous period is 
not certainly known. So far as indicated by the species I at present refer 
to, Dielasma, the subgenus, seems to be confined to strata of the Carbonifer- 
ous age, and to range through all three of its periods. Besides the species 
10 P 
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here described, one is known to exist in the Subcarboniferous limestone of 
Washington County, Indiana; D. Burlingtonensis occurs in the Subcarbonif- 
erous strata at Burlington, Iowa, and in Nevada; and Professor Swallow 
has described one from the Subcarboniferous strata at Chester, Illinois, 
under the name of Terebratula arcuata, which is so nearly like D. bovidens 
that it is difficult to say wherein they differ. It has not thus far been dis- 
covered in the Permian strata of America, but it is understood to occur in 
strata of that period in Europe. The geographical range of D. bovidens is 
from Ohio to Nevada, and it has been discovered from base to top of the 
Coal-Measure series of strata. 

Position and locality—Strata of the Carboniferous period: near Santa 
Fé, N. Mex.; a few miles south of Saint George, Utah; and at the top of 
Grass Mountain, Ely range, thirty-five miles north of Pioche, Nevada. 


MOLLUSCA VERA. ; 


CLASS CONCHIFERA. 
Orper MONOMYARIA. 
Famity PECTINIDA. 

Genus AVICULOPECTEN MeCoy, 1852. 
Aviculopecten occidentalis Shumard. 


Plate XII, fig. 8 a and b. 


Pecten occidentalis Shumard, 1855, Geol. Sury. Missouri, 207 (not Winchell, 1863). 

Pecten Cleavelandicus Swallow, 1858, Trans. St. Louis Acad. Sci., i, 184. 

Aviculopecten ?, Meek and Hayden, 1864, Palzeont. Upper Missouri, 50. 

Pecten Missouriensis Geinitz, 1866, Carbontormat. und Dyas in Nebraska, 35 (not 
Shumard, 1855). 

Aviculopecten occidentalis 1872, U.S. Geol. Surv. Nebraska, 191. 


Shell inequivalve, both ears well defined ; the cardinal border at nearly 
right angles with the axis of the shell, and almost as long as its full antero- 
posterior diameter; outline, exclusive of the ears, subovate. Left valve 
more convex than the right; anterior ear about as long as the posterior, 


more convex, and a little more sharply defined from the body of the valve 
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than the other ear by the auricular furrow; obtuse at the extremity, inferior 
border concave ; its surface marked by distinct radiating costs, which are 
a little coarser than those upon the body of the valve, at the same distance 
from the beak; posterior ear clearly defined from the body of the valve by 
a shallow auricular furrow, sharply angular at the outer extremity; outer 
margin concave ; surface marked by concentric lines, all radiate markings 
being absent or obsolete. Surtace of the body of the valve marked by 
depressed flattened or very slightly convex, radiating coste, which very 
gradually increase in size toward the free margins, and increase in number 
by implantation at different distances from the beak, only about a dozen of 
them reaching it. The implanted costa, beginning as mere striz between 
the others, are of unequal size on all parts of the valve ; costz crossed by 
numerous rather distinct concentric strie. 

Right valve flat or very slightly convex; beak flattened and not dis- 
tinct at the cardinal border; costz similar in character to those of the 
other valve, but they are not nearly so distinct ; outline corresponding with 
that of the left valve, except that the anterior ear is narrower and defined 
by a deeper and sharply angular sinus. 

Length from base to cardinal border, of an example somewhat above 
average size, forty-two millimeters; breadth, thirty-seven millimeters. 

This shell is one of the most common Conchifers found in the Carbon- 
iferous roeks of Kentucky, Iiinois, Missouri, Iowa, Nebraska, and Kan- 
sas. It is most abundant in the Upper Coal-Measureés; but, according to 
Mr. Meek, it is found in the Lower Coal-Measures of Illinois, and also in 
the true Permian strata of Kansas. 

Position and locality —Strata of the Carboniterous period ; Camp Apache, 
Arizona. 

Aviculopecten Coreyanus White. 


Plate XI, fig. 1 a and b. 


Aviculopecten Coreyanus White, 1874, Expl. & Surv. west 100th Merid., Prelim, Rep. 
Invert. Foss., 21. 

Shell moderately large ; breadth not exceeding the height, and is usually 

a little less; margin of the basal half forming almost a true semicircle in 


some examples, but is less regular in others; posterior margin continued 
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thence in almost a direct line about half way to the cardinal margin; thence 
curving outward, it forms with the last-named margin a somewhat acute 
angle, 

Hinge-line a little longer than the full breadth of the body of the shell 
and forming right angles with its vertical axis, extending farther backward 
than the posterior border below it does, but not reaching quite so far forward 
as the greatest convexity of the anterior border. 

Left valve moderately convex, the greatest convexity being in the 
umbonal region ; beak prominent and projecting a little beyond the cardinal 
border; posterior ear moderately large, acutely angular at the outer 
extremity, not distinctly defined from the body of the valve by an auricular 
furrow; anterior ear defined by a moderately deep byssal sinus and a dis- 
tinct auricular furrow, not so prominent as the other ear; its outer border 
rounding downward and inward from the cardinal border into the byssal 
sinus, where it is met by the incurving anterior border of the body of the 
valve. Surface marked by numerous fine, radiating costee of unequal size, 
which are in tum marked by very fine, radiating stric, all of which are 
crossed by fine concentric lines of growth and occasional coarser lines of 
increment; upon the posterior ear, the radiating costz are obsolete, but 
upon the anterior ear they are coarser than those of the body of the valve, 
and are also somewhat corrugated. Right valve unknown. 

So far as the rather numerous, but more or less broken, examples of 
this shell will permit determination, the height, breadth, and length of the 
hinge-line are all nearly equal, being about six centimeters for the largest 
example. 

This species somewhat resembles A. occidentalis Shumard, which is 
found in rocks of the same period, and perhaps associated with it; but it 
differs from that species in its greater proportionate breadth, in being less 
contracted below the ears, its less distinctly-defined posterior ear, its finer 
and rather more unequal coste, and greater size. ° 

Position and locality —Strata of the Carboniferous period; Bear Spring, 
near Camp Wingate, New Mexico. 
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Aviculopecten McCoyi Meek and Hayden. 
Plate XI, fig. 2a. 


Aviculopecten McCoyi Meek and Hayden, 1864, Palzeont. Upper Missouri, 50. 


“ 


Left valve moderately convex; height and breadth apparently about 
equal; posterior ear prominent, angular, its outer margin concave, and. its 
surface marked by small, obscure, radiating costee and numerous distinct 
lines of growth; anterior ear unknown. Surface of the body of the valve 
marked by six or eight strong elevated costa, which have sudden enlarge- 
ments, at irregular intervals, that are covered by vaulted, scale-like projec- 
tions, giving the coste a knotted appearance; the spaces between the large 
knotted costee marked ly numerous fine, distinct, slightly flexuous, raised 
striee, which increase in number by implantation as the shell increases in 
size; the whole surface is also marked by fine concentric striz and occa- 
sional coarser imbricating lines of growth. Full breadth of the shell about 
three centimeters. Right valve unknown. 

The collections contain only a single imperfect left valve, but its sur- 
face-features are sufficiently characteristic to indicate its specific identity. 
In general aspect of the surface, this shell resembles that of Psewdomonotis 
or Eumicrotis rather more than un Aviculopecten ; but the length of the hinge- 
line and the character of the posterior ear leave no doubt of its proper 
reference to the last-named genus, and its surface-markings and form, in 
addition, leave as little doubt as to its specific identity with A. McCoy 
Meek and Hayden. These gentlemen obtained their type-specimens, from 
strata regarded by them as Permian, at South Cottonwood Creek, Kansas ; 
while ours is evidently from a lower horizon. | 

Position and locality —Strata of the Carboniferous period; near Bear 
Spring, Camp Wingate, New Mexico. . 


Aviculopecten ? interlineatus Meek and Worthen. 
Plate XI, fig. 3 a. 


Aviculopecten interlineatus Meck and Worthen, 1560, Proce. Acad. Nat. Sei. Phila., 454. 
Aviculopecten interlineatus Meck and Worthen, 1866, Geol. Surv. Illinois, ii, 329. 


Shell rather small, broadly subovate in outline exclusive of the ears ; 


breadth nearly equal to the height, slightly oblique, or the axis almost at 
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right angles with the cardinal border; hinge about equal in length to the full 
breadth of the shell; ears prominent, posterior one most so; anterior, basal, 
and posterior margins regularly and continuously rounded ; beak depressed; 
‘umbonal slopes moderately distinct. Left valve slightly convex or nearly 
straight; posterior ear about the same size as the other, forming a nearly 
sharp angle with the cardinal extremity, its outer border being nearly 
straight; anterior ear triangular, well defined, its outer border slightly con- 
vex or nearly straight, and its extremity blunt. Surface marked by ten or 
twelve sharply-raised, slender, concentric ridges, each of nearly uniform 
width throughout, but each successively a trifle larger than the preceding 
one, separated, along the axis of the valve, by interspaces each four or five 
times as wide as the adjacent ridges, but the interspaces diminish in width 
toward the umbonal slopes, upon which the ridges are very near together ; 
the latter then diverge in crossing the ears, and all end abruptly upon the cardi- 
nal border; surface between the ridges marked by numerous fine, uniform, 
concentric striz, and also by very faint indications of radiating coste. 

Breadth, sixteen millimeters; height, from base to cardinal border, 
seventeen millimeters. 

This interesting shell is rare; only the left valve having been dis- 
covered. The only other locality at which it has been found, so far as I 
am aware, is La Salle, Illinois, where the type-specimens of the species 
were obtained, and where it occupies a geological position similar to that 
from which our specimen was obtained. 

It is so unlike any other known species of Aviculopecten that no com- 
parison is necessary. Only the exterior of the left valve of this species is 
yet known, and Meek and Worthen have suggested that the undiscovered 
parts will, if dicovered, be found to possess generic characters correlated 
with its peculiar surface-features that will separate the shell generically 
from Aviculopecten. . 

Position and locality —Strata of the Carboniferous period; confluence of 
White Mountain and Black Rivers, Arizona. 
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Famity PINNIDA. 
GrENus PINNA Linneus, 1758. 
Pinna peracuta Shumard (?). 


Plate XT, fiz. .5'a. 


From the Mesa edge, near Relief Spring, Arizona, a single specimen of 
Pinna was obtained, which is too imperfect for full specific determination. 
It has the aspect and general features of a young example of P. peracuta 
Shumard, to which species it probably belongs. Certain traces of lines of 
growth, however, indicate that our specimen was much more slender than 
the typical forms of that species, and also that the border below the 
middle sloped much farther forward than it is known to do in P. peracuta. 
The species associated with it are the associates of P. peracuta elsewhere, 
which adds force to the supposition that our specimen belongs to that species. 

Examples of P. peracuta are not uncommon in the Carboniferous strata 
of the States bordering the Mississippi; but, although the collections con- 
tain a greater number of species from the strata of the Carboniferous period 
than any other, this is the only example of Pinna found among all the 
Paleozoic fossils. 

Famity PTERITDA. 
GENUS MONOPTERIA Meek and Worthen, 1866. 


Monopteria Marian White. 
Plate XI, fig. 4 a, b, and e. 


Monopteria Marian White, 1874, Expl. Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 22. 
“Shell of moderate size, slender, nearly or quite equivalve, narrow and 
much extended posteriorly, the curvature being much the greater in the 
anterior half of the shell, the posterior half being nearly straight; body of 
the shell gradually tapering to near the posterior end, which is abruptly 
rounded; a more or less prominent ridge which is sometimes in part 
raised as a distinct carina, extends along the middle of the body of each 
valve from the beak to the posterior end ; from this carina, or angle, the sides 


slope abruptly to both the inferior and upper borders, so that a cross-section 
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of the shell behind the ear would have a rhomboidal outline; beaks mod- 
erately prominent, separate; hinge equal in length to about one-half the 
full length of the shell, and its direction is nearly parallel with the posterior 
half of the body; posterior wing well developed, not sharply defined from 
the body by an auricular furrow; its cardinal portion narrow and moderately 
extended; anterior ear obsolete; lunule moderately large and deep, the 
borders of which are slightly prominent laterally, but its margins sharply 
rounded inward. 

Surface smooth in aspect, but it is marked by very numerous fine lines 
of growth. 

Length, from front to posterior extremity, about four centimeters ; 
height, from base to hinge-margin, eighteen millimeters; average width of 
the body of the shell, about one centimeter. 

This shell somewhat resembles M. longispina (= Gervillia longispina Cox) 
from the Coal-Measure rocks of Kentucky; but it differs conspicuously from 
that species in its more slender and less deeply-curved body, and in having 
a shorter ear-spine than that species is represented to have by Professor 
Cox’s figure. 

Position and locality.—Strata of the Carboniferous period; Camp Apache, 
Maricopa County, Arizona. 


GENUS MYALINA de Koninck, 1844. 


Myalina (?). 


Associated with the foregoing at Camp Apache, some imperfect speci- 
mens of Myalina were obtained, which appear to belong to M. recurvirostris 
Meek and Worthen. : 

Myalina? Swallovi McChesney. 
Plate XI, fig. 8 a. 
Associated with the two foregoing species at Camp Apache, Arizona, a 


few examples of Myalina? Swallovi were obtained, the best one of which is 
represented by fig. 8 a, Plate XI. 
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GENUS BAKEVELLIA King, 1848. 
Bakevellia parva Meek and Hayden. 
Plate XI, fig. 7 a and b. 


Bakevellia parva Meek and Hayden, 1858, Trans. Albany Institute, iv. 
Bakeveltia parva Meek and Hayden, 1864, Palwont. Upper Missouri, 57, 


Shell very small, obliquely subovate in outline; valves gibbous, especi- 
ally the anterior half of each; cardinal margin straight, its length not quite 
equal to the full length of the shell, forming an angle with its axis of about 
30°; postero-dorsal region compressed, subalate; antero-dorsal region bluntly 
prominent; ventral margin broadly rounded downward and backward; 
posterior margin abruptly rounded below, and straight or slightly concave 
above, inclining a little forward, and forming an obtuse angle with the 
cardinal margin. 

Surface marked by fine concentric strie. 

Length of the largest specimen, six millimeters; height, about four 
millimeters. 

The collections contain examples from two widely-separated localities. 
Those from New Mexico are from true Carboniferous strata, and differ 
slightly from the types and description of Meek and Hayden. Those from 
Arizona are from strata probably of the Permian period. A figure of each 
is given on Plate XI, which exhibit considerable difference in outline. This 
may perhaps be due to specific difference; but it is thought it is not 
necessarily so, as other examples seem to show intermediate forms. The 
type-specimens of Meek and Hayden were obtained from strata, regarded 
by‘*them as Permian, near the mouth of the Smoky Hill Fork of Kansas 
River, Kansas. 

Position and locality —Strata at the summit of the Carboniferous series ; 
Bear Spring, Camp Wingate, New Mexico; and also near Jacob’s Pool, 
Arizona. 
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OrvDER DYMYARIA, 
Famity TRIGONIDA. 
GENUS SCHIZODUS King, 1844. 
Schizodus Wheeleri Swallow. 
Plate XI, fig. 6 a and b. 


Cypricardia ? Wheelert Swallow, 1862, Trans. St. Louis Acad. Sci., ii, 96. 

Schizodus obscurus Geinitz, 1866, Carbonformat. und Dyas in Nebraska, 20 (not Sowerby, 
1821). 

Schizodus Wheeleri Meek, 1872, U. S. Geol. Surv. Nebraska, 209. 


Shell of moderate size, irregularly subtrihedral or subovate in outline ; 
posterior portion laterally compressed ; anterior portion inflated; umbones 
elevated; beaks incurved, placed about one-quarter of the length of the 
shell from the anterior extremity; margins of the front and of the anterior 
part of the base forming a continuous and regular curve; basal margin slop- 
ing upward, and meeting the downward and backward slope of the posterior 
margin at a prominent angle, which is abruptly rounded; dorsal margin 
straight, sloping a little downward from the beaks to the obliquely-trun- 
cated posterior margin; posterior umbonal slope prominent, sometimes 
forming a rather distinct ridge, which ends at the prominent angle of the 
posterior margin and considerably increases its projection. Surface appar- 
ently unmarked except by concentric lines of growth. 

Length, from front to posterior angle, thirty-one millimeters; height, 
from base to top of umbo, twenty-one millimeters. 

Our examples are all natural casts, the shell-substance having in all 
cases been removed; but the characteristics of the species are so distinctive 
that it is recognized with little or no difficulty in that condition. It is a 
common species in the Upper Coal-Measures of Missouri, Ilinois, Iowa, and 
Nebraska; Professor Swallow’s type-specimens of the species having been 
obtained in the first-named State. 

Position and locality—Strata of the Carboniferous period; near Bear 
Spring, Camp Wingate, New Mexico. 
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GENUS ALLORISMA King, 1850. 
Allorisma subcuneata (var.) Meek and Hayden. 
Plate XII, fig. 7 @ and b. 
Allorismu subcuneata Meek and Hayden, 1858, Proc. Acad. Nat. Sci. Phila., 263. 
Allorisma subcuneata Meek and Hayden, 1864, Paleont. of the Upper Missouri, 37. 

Shell of moderate size; outline clavate-cuneate as seen by either dor- 
sal or ventral view, oblong-suboval as seen by side-view; posterior por- 
tion laterally compressed; anterior portion moderately gibbous; beaks 
depressed and placed about one-eighth of the length of the shell from the 
anterior extremity ; posterior end abruptly rounded; anterior end narrowly 
rounded, somewhat prominent below and obliquely sloping above; basal 
margin straightened along the middle, but gently rounding before and 
behind to meet the anterior and posterior borders respectively ; dorsal mar- 
gin straight. Surface marked by distinct concentric undulations. 

Length, about six centimeters; height, from base to cardinal border, 
twenty-eight millimeters. 

Our specimens are in moderately good condition, but not entirely per- 
fect, and, so far as they exhibit essential specific characters, they agree with 
those of A. subcuneata. ‘They are, however, considerably smaller and rather 
less gibbous anteriorly than the type-specimens of Meek and Hayden are, 
and may possibly belong to a different species, yet I do not at present feel 
warranted in separating them from that species except as a variety. , Typ- 
ical examples of the species are somewhat common in the Upper Coal- 
Measure limestones of Missouri, lowa, and Nebraska. 

Position and locality—Strata of the Carboniferous eae near Agua 
Axul, New Mexico. 
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~ CLAss GASTEROPODA. 
Susctass PROSOPOCEPHALA. 
OrDER SOLENOCONCHA. 
Famity DENTALIIDA. 


1ENUS DENTALIUM Linneus, 1740. 
Dentalium canna White. 
Plate XII, fig. 6 a and b. 


Dentalium canna White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 23. 

Shell large, straight, or very slightly curved ; transverse section circu- 
lar or nearly so; test thin; surface marked by numerous, somewhat distinct, 
encircling lines of growth, crossed by fine, obscure, longitudinal strie, the 
latter seen only upon well-preserved examples. Our specimens indicate 
that some individuals of the species reached a length of ten or twelve cen- 
timeters. The largest fragment measures a little more than nine millimeters 
in diameter at the base, and, at a distance of five and a half centimeters 
toward the apex, the diameter is six millimeters. 

This species is distinguished for its large size in connection with the 
presence of encircling and longitudinal striz. It resembles D. priscum 
Muenster from the Carboniferous rocks of Belgium, as described and fig- 
ured by de Koninck in Animaua fossiles du terraine de la Belgique, but 
its apical angle is smaller, and the aperture is little if any oblique, while in 
that species the obliquity of the aperture is a distinguishing character. 

Position and locality—Strata of the Carboniferous period: near Salt 
Lake, New Mexico; and near Relief Spring, Arizona. 
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Supcitass DIGICA. 
Orper RHIPHIDOGLOSSA. 


SUBORDER DICRANOBRANCHIA. 
Famiry BELLEROPHONTIDA. 


GENUS BELLEROPHON Montfort, 1808. 


Bellerophon crassus Meek and Worthen. 
Plate XII, fig. 1a. 
Bellerophon crassus Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phila., 458. 
Bellerophon crassus Meek and Worthen, 1866, Geol. Surv. Illinois, ii, 335. 

Shell large, massive, subglobose ; volutions gradually expanding lat- 
erally, broadly rounded upon the back, more abruptly rounded at the sides 
and into the umbilici, which are rather small; outline of aperture reniform, 
its transverse diameter greatest ; postero-lateral portions of the lip thickened 
and spread outward and backward over the inner volutions and also partly 
over the umbilici; antero-lateral portions of the lip thinner, their margins 
slightly convex on each side of the mesial notch; mesial band narrow, 
more or less distinct ; mesial notch not deep. 

Surface marked by distinct lines of growth, a part of which assume 
the character of somewhat irregular transverse wrinkles. 

The collections contain only a single specimen of this well-marked 
species, which, although it measures thirty-eight millimeters across the 
aperture, is one-quarter smaller than one of the type-specimens used by 
Meek and Worthen in their description of the species. 

The types were obtained from the Lower Coal-Measures of Illinois, 
and the species is also known to occur in the Upper Coal-Measures of Towa 
and Missouri. So far as I am aware, it has not been found in the Lower 
Coal-Measures of the two last-named States. 

Position and locality—Strata of the Carboniferous period; Camp Cot- 
tonwood, near Spring Mountain, Nevada. 
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SUBORDER PODOPHTHALMA. 
Famity EUOMPHALIDA. 


GENUS EUOMPHALUS Sowerhy, 1815. 


Euomphalus pernodosus Meek and Worthen. 
Plate XII, fig. 2 a and b. 


Straparollus (Huomphalus) pernodosus Meek and Worthen, 1870, Proc. Acad. Nat. Sci. 
Phila., 45. 

Straparollus (Euomphalus) pernodosus Meek and Worthen, 1873, Geol. Surv. Illinois, 
v, 604, 

Shell rather above medium size when full grown, nearly discoidal, the 
spire being only very slightly elevated, and the inner portion of it being 
quite flat, or even slightly depressed; test thick; volutions five or six, the 
upper side flattened and sloping gently inward to the distinct suture, outer 
side flattened convex, under side rounding and sloping into the umbilicus ; 
the angle formed by the upper and outer sides constituting a distinct carina, 
which is rugose or corrugated upon the outer volution; upon the under 
side of the volutions there is a row of moderately large, rounded nodes, 
separated by spaces of about their own width, those of the last half of 
the outer volution, and apparently those also of the two or three inner 
x obsolete ; umbilicus moderately broad and deep, showing 


volutions, being 
all the inner volutions. 

Surface marked by strize, distinct lines, and even ridges, of growth. 
None of the specimens in the collections are quite perfect, but their identity 
with LE. pernodosus is unmistakable. The largest example measures about 
four and a half centimeters in diameter of coil. The types of the species 
measured one centimeter more. This well-marked species is comparatively 
rare, and, so far as I know, it has been found only at the locality which 
furnished the type-specimens and that from which those in the collections 
were obtained. The former were from the Lower Coal-Measures of Illinois. 

It is quite distinct from every other species known to me, and may be 
easily recognized by its carina upon the outer side of the volutions above 
and its strong nodes below. 

Position and locality.—Strata of the Carboniferous period; at the Mesa, 


Carrizo River, Arizona. 
, 
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Orver PECTINIBRANCHIATA. 


SUBORDER TAI NIOGLOSSA. 
Faminy NATICIDA. 


GENUS NATICOPSIS McCoy, 1844. 


Naticopsis nana Meek and Worthen. 
Plate XII, fig. 4 a@ and b. 
Naticopsis nana Meek and Worthen, 1866, Geol. Sury. Illinois, ii, 365. 

Shell small, subglobose, wider than high; spire much depressed ; volu- 
tions about three, increasing very rapidly in size, last one large and ven- 
tricose; suture well defined; aperture large, broad-subovate, somewhat 
straightened at the inner side, its diameter nearly equal to seven-eighths of 
the entire axial length of the shell; outer lip thin; inner lip not much 
thickened ; columella slightly flattened. Surface marked by fine lines of 
growth, which are a little stronger and more uniform on the upper side of 
the whorls, near the suture, than elsewhere. 

Length, four millimeters; breadth, five millimeters. 

Our examples of this little shell agree so exactly with the description 
and figures given by Meek and Worthen (oc. cit.) that I have given the 
foregoing description almost in the words of those authors. 

Position and locality—Strata of the Carboniferous period; Camp Cotton- 
wood, near Spring Mountain, Lincoln County, Nevada, where it was found 
associated with Macrocheilus anguliferus White. 


Faminy CAPULIDA. 
Genus PLATYCERAS Conrad, 1840. 
Platyceras Nebrascense Meek. 
Plate XU, fig. 5 a, b, ¢, and d. 
Platyceras Nebrascensis Meek, 1872, U. S. Geol. Surv. Nebraska, 227. 
Shell small, elongate-conical, strorigly curved or subspiral; apex free, 


bluntly pointed, more or less curved toward the body, and turned to the 


dextral side of the shell; aperture irregularly oval; lip thin, broadly sinuous 


160 CARBONIFEROUS PERIOD. 


behind to the left of the apex, remainder of the border having several 
other more or less indistinct sinuosities, with all of which the lines of growth 
upon the surface of the shell correspond. 

All the specimens in the collections, and also those in my private 
collection, obtained from the same Upper Coal-Measure strata in Nebraska 
that supplied Mr. Meek with the types of the species, have the apex a little 
more curved than his type-specimen had, as may be seen by comparing the 
figures on Plate XII with his illustrations (Joc. cit.). In other respects, our 
examples correspond with his figures and description, and I have little or 
no doubt of their specific identity with P. Nebrascensis. 

Length, nineteen millimeters ; breadth, nine millimeters. 

Position and locality—Strata of the Carboniferous period; near Santa 
Fé, New Mexico. 


Faminy MACROCHEILIDA. 


GENUS MACROCHEILUS Phillips, 1841. 
Macrocheilus anguliferus White. 
Plate XII, tig. 3 a, b, ce, d, e, and f. 
Macrocheilus anguliferus White, 1874, Exp]. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 22. 

Shell of medium size, irregularly rhombic in outline by side-view ; 
spire about equal in length to two-fifths the full axial length of the shell, 
acutely pointed ; volutions six or seven, increasing somewhat rapidly in 
size; outer side of the volutions more or less convex, but the portion toward 
the apex is usually a little flattened; posterior side narrow, usually squarely 
truncated, so as to form a distinct angle with the outer side. This angle is 
usually more or less prominent, but in some cases it is nearly obsolete, in 
which latter case the slight flattening of the posterior side merely produces 
the appearance of a deeply-impressed suture ; in the former case, there is a 
distinct, gradually-diminishing spiral shelf extending from the hinder part 
of the aperture to the apex; aperture irregularly ovate, more or less truncated 
behind by the shelf referred to, effuse below; outer lip sharp; columella a 
little tortuous or nearly on a line with the axis of the shell. Surface appar- 


ently unmarked, except by the usual lines of growth. 
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Length of the largest specimen in the collection, thirty-six millimeters ; 
width of the body-volution, twenty-threé millimeters. 

This shell varies considerably, especially in the distinctness of the angle 
and the convexity of the volutions; but it differs conspicuously from all 
other known species of Macrocheilus in the possession of such an angle at the 
posterior part of the whorls as has been described, or, in the absence of it, 
the somewhat deeply-impressed suture. 

Position and locality —Strata of the Carboniferous period; Camp Cotton- 
wood, near Spring Mountain, Nevada. 


CLASS CEPHALOPODA. . 
Orver TETRABRANCHIATA. 
Famitry GONIATITIDA. 


Genus GONIATITES de Haan, 1825. 


From Carboniferous strata upon the east side of Mount Nebo, Utah, 
a single, very imperfect specimen of Goniatites was obtained. It is too 
imperfect for specific characterization; but yet its form and traces of the 
septa seem to indicate a difference from any known species. The shell is 
discoid; sides of the volutions slightly convex, the last one measuring at the 


aperture half as much as the full diameter across the whorls. 


Famitry NAUTILIDA. 
GENUS NAUTILUS Breynius, 1732. 


From strata of the Carboniferous period at the Mesa near Carrizo 
River, Arizona, some fragments of two species of Nautilus were obtained. 
One is probably identical with N. latus Meek and Worthen, the type- 
specimens of which were obtained from the Coal-Measures of Hlinois. The 
other is either identical with, or closely allied to, N. Springeri White and 
S:. John, the type of which species was obtained from the Upper Coal- 
Measures of Iowa. 

a WUT 
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CHAR BER velit: 


MESOZOIC AGE. 


JURASSIC PERIOD. 


RADIATA. 


CLASS ECHINODERMATA. 
Orprer CRINOIDEA. 


Faminy PENTACRINIDA. 
GENUS PENTACRINUS Miller, 1821. 
Pentacrinus asteriscus Meek and Hayden. 
Plate XIII, fig. 6 a and b. 


Pentacrinus asteriscus Meek and Hayden 1864, Paleont. Upper Missouri, 67. 


This species was described by Meek and Hayden from fragments of 
the column and branches alone, which were collected from Jurassic strata 
at the southwest base of the Black Hills, North Platte River. They char- 
acterize the joints of the column thus: —‘“ Rather small, thin, very symmetri- 
cal, pentagonal, star-shaped bodies, the rays of which are usually a little 
longer than wide, and somewhat acutely angular at their extremities. 
Through the center of each of these joints, there is a minute circular per- 
foration, from which five lance-oval petaloid areas radiate, one to the 
extremity of each of the angles; the areas being bounded on each side by 
rather narrow, slightly-elevated, crenulate margins. This description 
applies more particularly to the largest-sized specimens, measuring about 


0.18 inch from point to point of the opposite angles. Associated with these, 
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there are smaller joints, varying from 0.05 to 0.10 inch in diameter, having 
proportionally shorter and broader rays, which are usually less angular at 
the points than the broader ones are.” 

All the specimens of this species contained in the collections consist of 
portions of the column, and, up to the present time, nothing more has been 
learned concerning the characteristics of the species. Generally, these por- 
tions of the Crinoidea are of very little value in specific discriminations ; 
but the characters of those parts of this species are so constant, even in 
examples collected at widely-separated localities, that it has been relied 
upon with considerable confidence in the identification of Jurassic strata. 
This is the only species of the genus Pentacrinus yet recognized in the 
Jurassic rocks of America, but it is not improbable that others may here- 
after be discovered in them. The largest examples in the collections have 
a diameter one-third greater than that of the largest of those mentioned by 
Meck and Hayden, and they also present some slight variations from the 
latter. The principal difference is the alternation, at irregular intervals, of 
joints that are almost pentahedral with those that are deeply pentalobate. 
This character is shown in one of the figures on Plate XIII, but it is proba- 
bly not a specific one. 

Position and locality —Strata of the Jurassic period: Salt Creek, near 
Nephi; and Diamond Valley, near Saint George, Utah. It has quite an 


extended geographical range, having been also discovered in Idaho. 


MOLLUSCA. 


CLAss CONCHIFERA. 
Orper MONOMYARIA. 
Famity OSTREID A. 

Genus OSTREA Linnwus, 1758. 
Ostrea strigilecula White. 

Plate XIII, fig. 3 a, b, ce, and d. 


Shell small, irregularly suboval in outline ; axis much curved, making 


the ventral border broadly arcuate and the dorsal border more or less 
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irregularly concave; posterior margin rounded; hinge-line of moderate 
length. Right valve nearly flat or only very slightly convex; beak short ; 
area narrow; ligamental groove small, shallow; muscular scar compara- 
tively large, subcircular, situated nearly midlength of the valve, and nearer 
to the dorsal than to the ventral margin; internal face of the margins appar- 
ently not crenulated in any part. Left valve more capacious than the 
right; area small; ligamental groove small; an incipient alate expansion of 
the postero-dorsal portion is observable upon this valve, but not upon the 
other. Surface marked by the ordinary lines of growth, and also by a few 
very faint indications of radiating plications. 

Length, twenty millimeters; breadth, fourteen millimeters. 

The collections contain a few examples, of both right and left valves, 
in a good state of preservation, and they seem to represent a tolerably well- 
defined species of true Ostrea. The moderately large scar of attachment 
upon the beak of the left valve of our shell has somewhat distorted it; but 
there is no appearance of a curvature of the beak, such as is characteristic 
of the genus Gryphea. 

The presence also of incipient plications upon the left valve, and of a 
ligamental groove, like that of Ostrea, upon its area, is also against the sup- 
position that the shell belongs to the genus Gryphea rather than to Ostrea. 

This species differs from the young of O. Hngelmanni Meek and Hay- 
den in being proportionally much longer and otherwise of different outline; 


the young of that species being broader than long 


g, while ours is longer 


than broad, and has also the aspect of maturity. 
Position and locality—Strata of the Jurassic period; two miles south 
of Dirty Devil River, Utah. 


FAMILY PECTINIDAA. 


GrENnuS CAMPTONECTES Meek (Agassiz), 1864. 
Camptonectes stygius White. 
Plate XIII, fig. 2 a, b, and ce. 
Camptonectes stygius White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 23. 
Shell of moderate size, thin, lenticular; length of the hinge-line a little 


more than half the height of the shell from basal margin to beak ; hinge- 
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line very slightly oblique with the axis of the shell, the latter inclining 
backward; but yet more than half the bulk of the shell is in front of it; 
the margin of the lower two-thirds of the shell is regularly rounded, the 
basal portion having rather a shorter curve than either the anterior or 
posterior portions. 

Right valve apparently smooth, depressed-convex ; posterior ear rather 
small, plain, its outer border forming a somewhat obtuse angle with the 
cardinal border; anterior ear moderately large, prominent, proportionally 
narrow; byssal notch deep, narrow, the upper and lower sides approaching 
each other at an acute angle; anterior border extending farther forward 
than the extremity of the anterior ear does; the border at the front is 
abruptly rounded and then continued backward and upward in an almost 
direct line to the bottom of the byssal notch. Surface apparently marked 
only by concentric striae of growth, but, in a favorable light, indications of 
radiating strixs: may be observed upon the best-preserved examples. 

Height from base to beak, forty-one millimeters; breadth, forty milli- 
meters; length of hinge, twenty-three millimeters. 

This shell resembles C. bellistriatus Meek and Hayden from Jurassic 
strata of Dakota; but it differs in the outlines of the borders, the shape of 
the ears and of the byssal notch, and also in the surface-markings. 

Position and locality—Strata of the Jurassic period; east of Aquarius 
Plateau, fifteen to twenty miles south of Dirty Devil River, and also at the 
North Fork of Virgin River, Utah. 


Camptonectes bellistriatus Meek and Hayden. 


Among the collections made at a locality of Jurassic strata, five miles 
east of Gunnison, Utah, some imperfect examples of Camptonectes were col- 
lected. They have the outlines and other characteristics, so far as they can 
be observed, of C. bellistriatus Meck and Hayden, and probably belong to 
that species. 
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Famity PTEREIDA. 
Genus INOCERAMUS Sowerby, 1814. 


Inoceramus crassalatus White. 
Plate XIII, fig. 4 a, b, and e. 

Shell rather small, thin; valves subequal, moderately convex, subo- 
vate or obscurely tetrahedral in marginal outline; hinge-line rather short, 
forming an angle with the axis of the shell of about seventy degrees; 
beaks small, not very prominent. Left valve more capacious than the right, 
having an indistinct auricular furrow extending from just behind the beak 
to the postero-basal border, obscurely defining a thick posterior wing; but 
the right valve has little or no trace of a similar furrow. 

Surface of both valves marked by the usual lines of growth, and also 
by more or less numerous, slightly-raised, concentric folds. 

Greatest length of an average example in the collection, about thirty 
millimeters; thickness, both valves together, about fifteen millimeters. 

Position and locality—Strata of the Jurassic period; North Fork of 
Virgin River, Utah. 


Orper DIMYARIA. 
Famity TRIGONIIDA. 
GrenuS MYOPHORIA Bronn, 1830. 


Myophoria ambilineata White. 
Plate XIII, fig. 5 a and b, 


iell subcircular or obscurely four-sided in outline, being very slightly 
Shell sul ] | ely fo led in outline, being very slightly 
longer than high, moderately gibbous ; base broadly rounded; front regu- 
arly, but more shortly, rounded than the base; hinge-line of moderate 
larly, but hortly, led than the base; hinge-] f moderat 
length, straight or nearly so; posterior border, from the extremity of the 
iinge-line to the infero-posterior angle, nearly straight or slightly convex; 
hinge-line to tl fero-post ele, ly straight lightly ; 
infero-posterior angle sharply rounded; umbonal ridge passing to it from 
1e beak with a sheht curve, the convexity of which is toward the front ; 
the beak witl light mul ty of which is t 1 the front 
that ridge sometimes forming a slightly-raised but distinet carina. 


Surface, both in front of, and behind, the umbonal ridge marked by 
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numerous, distinct, slightly-raised, concentric lines or narrow folds, which 
meet at nearly right angles at the umbonal ridge. 
Height, about eight millimeters; length, eight and a half millimeters. 
Position and locality—Strata probably of the Jurassic period; Camp 
Cottonwood, old Mormon road, Nevada. 


GeENuUS TRIGONIA Bruguiére, 1789. 


Trigonia (2). 

Associated with Camptonectes bellistriatus Meek and Hayden at a locality 
five miles east of Gunnison, Utah, some imperfect examples of a species of 
Trigonia of Jurassic type were found. They are too imperfect for specific 
recognition, but are noticed here in consequence of the value of the type in 
stratigraphic geology. 


CLAss GASTEROPODA. 


Susciass DIGCA. 
Orver RAIPHIDOGLOSSA. 


SUBORDER PODOPHTHALMA. 


Famity NERITIDA. 
GENus NERITINA Lamarck, 1809, 


Neritina? phaseolaris White. 
Plate XIII, tig. 1 a, b, c, d, and e. 
Neritina phaseolaris White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 24. 

Shell small, obliquely suboval ; volutions apparently from two anda 
half to three, the last one composing all but a very small part of that portion 
of the shell which is exposed to view; aperture obliquely ovate ; character 
of the inner lip not clearly made out, but the shell has the external aspect 
of Neritina ; a small elevated fold is usually seen at the suture upon the 
outer volution appressed against the next volution within. In some examples, 
the convexity of the outer volution, from the base of the small elevated fold 


above to the margin of the aperture below, is quite regular; but, in other 
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examples, this volution has a revolving rounded prominence, situated a little 
nearer the suture than the base, which causes a more or less conspicuous 
flattening of the outer side of the volution, as well as a slighter flattening 
of the space between that prominence and the suture. All the examples of 
this species in the collection having been preserved in a hard arenaceous 
limestone, all the characters of the inner lip could not be ascertained. 

Surface marked by moderately distinct lines of growth, and sometimes 
faint indications of revolving strize are also seen. 

Greatest diameter of the largest example in the collection, thirteen 
millimeters; shorter diameter, ten millimeters; greatest height, lying with 
its aperture downward upon the table, eight millimeters. 

While preparing the preliminary report (loc. cit.), I thought I had 
ascertained to a good degree the character of the inner lip, but subsequent 
examination still leaves the true character of it in doubt. 

Position and locality—Strata of the Jurassic period; Salt Creek, near 
Nephi, Utah, where it is associated with Pentacrinus asteriscus Meek and 
Hayden. : 
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GH APE Ry ex: 


CRETACEOUS PERIOD. 


MOLLUSCA. 


MOLLUSCOIDEA. 


CLAss BRACHIOPODA. 
Orver LYOPOMATA. 
Famity LINGULIDA. 


Genus LINGULA Bruguiére, 1792. 
Lingula subspatula Hall and Meek. 
Plate XV, fig. 4 a. 


Lingula subspatula Hall and Meek, 1856, Mem. Amer. Acad. Arts & Sci., new series, v, 
380. 


Shell of ordinary size, somewhat oblong or semi-elliptical ; postero- 
lateral margins gently convex to the posterior margin ; lateral and antero- 
lateral margins nearly straight or only slightly curved, so that the shell is 
narrowed a little toward the front; front margin subtruncate. Surface 
marked by fine concentric stri and occasional gentle undulations. 

Position and locality —The type-specimens of the species were obtained 
by Hall and Meek from Cretaceous strata at “Red Cedar Island, thirty- 
five miles below Fort Pierre.” Those contained in the collections from which 
the foregoing description was drawn were obtained from strata of the same 


yeriod, ten miles southeast of old Fort Wingate, New Mexico. 
? 3 ’ 
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MOLLUSCA VERA. 
CLASS CONCHIFERA. 
ORDER MONOMYARIA. 
Famity OSTREIDA. 


GENUS OSTREA Linneeus, 1858. 
Ostrea cortex Conrad. 
Plate XV, fig. 2 a, b, and e. 
Ostrea cortex Conrad, 1857, U. 8S. & Mex. Bound. Surv., i, 157. 

Shell elongate, moderately capacious; test of mature examples thick ; 
inferior valve much more capacious than the other, narrowing toward the 
apex, which is pointed and rather small; ligamental furrow long, mod- 
erately broad and deep, somewhat curved, its raised borders broadly 
rounded ; upper valve corresponding with the lower, except that it is usually 
nearly flat transversely. 

Surface of both valves marked by numerous strong, prominent, imbri- 
cating concentric laminee, which are sometimes laciniate, giving the shell a 
very rough appearance. 

Length of the largest example in the collection, about one decimeter ; 
breadth, nearly five centimeters. 

Conrad’s type-specimens of this species were obtained at ‘ Dry Creek, 
Mexico,” from strata the age of which was then unknown to him, because 
the collectors brought no associated species. Our collections, however, con- 
tain associated species that indicate unmistakably their Cretaceous age. 
Our examples show that the species is a very variable one; but they all 
present a certain facies that is quite characteristic, and which is expressed 
in the figures, both of Conrad’s and this report. It is an interesting fact 
that the test in nearly all the examples of this species has been made com- 
pletely porous by a species of Cliona or other burrowing sponge, while 
those of the following species are almost entirely unaffected by it. Possibly, 
however, the case of the last-named species is only a local exception. 

Position and locality.—Strata of Cretaceous age; Colob Plateau, south- 


west of Kanara, and also at the North Fork of Virgin River, Utah.’ 
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Ostrea prudentia White. 
Plate XIV, fig. 2 a, b, c, and d. 

Shell neat and symmetrical for a species of this genus, suboval or sub- 
circular in outline when adult, subcircular when young, moderately capa- 
cious; beaks small, usually distinct, and approaching so near to each other 
when the valves are together as to leave only a narrow space between the 
areas. Lower valve moderately deep; area short and broad; ligamental 
groove short, broad, and distinct, bounded at each side by a rounded ridge ; 
beak extending very slightly beyond that of the other valve; scar of attach- 
ment sometimes occupying one-quarter of the outer surface, sometimes 
extremely small, and sometimes apparently absent. Upper valve usually 
flat or a little concave transversely, but a little convex longitudinally in adult 
shells; area a very little shorter than that of the other valve, moderately 
convex or nearly flat. . 

Surface of both valves marked by distinct lines and lamin of growth, 
but this species is rather less laminated and roughened than is usual in the 
genus Ostrea. Somewhat numerous, corrugated, but rather indistinct radiat- 
ing coste are usually to be seen on the ventral valve of young examples, 
yet these corrugations seldom or never extend to the front half of old shells. 

Length, six centimeters; breadth, five centimeters. 

This species is somewhat remarkable for its neatness of form and free- 
dom from the crude extravagancies which species of this genus often exhibit. 

Position and locality—Strata of the Cretaceous period ; east of Imprac- 


ticable Ridge, Utah. 
' Genus GRYPUHEA Lamarck, 1801. 


Gryphea Pitcheri var: Morton. 
Plate XVII, fig. 1 a, b, ¢, d, e, and f. 


Gryphea Pitcheri Morton, 1834, Synop. Org. Remains, Cret. Group, 55. 
Gryphea Pitcheri Roemer, 1852, Kreidebildung von Texas, 73. 

Gryphea Pitcheri Conrad, 1857, U.S. & Mex. Bound. Surv., i, 155. 
Gryphea dilatata Marcou, 1858, Geol. North America, pl. iv, f. 2. 


Shell reaching a moderately large size, very variable in shape, gen- 
erally having an irregularly subovate marginal outline, often much longer 
than broad, but sometimes shorter than broad. Larger valve capacious, 
scaphoid, arcuate, more or less distinetly lobed, the posterior lobe occa- 


sionally somewhat wing-like; test rather thick; umbo large, prominent, 
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and ineurved, or flattened and short; sear of attachment small or wanting ; 
surface sometimes distinctly lamellose, but generally somewhat smooth, 
although marked by concentric lines of growth. . 

Upper valve nearly flat, moderately thick in the umbonal region ; 
hinge-line well defined, straight; area distinct; ligamental groove small; 
inner surface smooth, more or less distinctly crenulated at the lateral edges ; 
outer surface marked by numerous concentric, imbricating lines of growth, 
and sometimes also by faint, impressed, radiating strie. 

The collections contain numerous examples of this widely-known 
species, none of which, however, are of so large a size as are some of those 
figured by Roemer, Conrad, and others. In selecting examples for illustra- 
tion, I have chosen representatives of two extremes of form from among 
others of all intermediate gradations. Mr. Conrad states (oc. cit.) that there 
are two distinct varietal types of this species, one of which resembles 
G. vesicularis Lamarck, and which was the typical form described and 
figured by Dr. Morton; and the other he designates as var. navia. ‘The 
collections under examination, however, although they contain representa- 
tives of the two forms referred to by Mr. Conrad, seem to indicate no con- 
stancy of separate varietal characters, either of those forms or any others. 

The largest specimens in the collections have a length of only about 
thirty-seven millimeters from the umbo to the basal margin, which is con- 
siderably less than that of some examples reported by other authors. 

Position and locality—Strata of the Cretaceous period :—twenty-five 
miles southeast of, and also near, Paria; East Fork of Paria Creek; east of 
Impracticable Ridge; Dirty Devil River, east of ridge, Utah: Canon 
five miles west of Puerco; east of Mount Taylor; and Acoma Plateau, New 
Mexico, «&e. 

GENUS EXOGYRA Say, 1819. 
Exogyra ponderosa Remer. 
Plate XIV, fig. 1 a,b, and ec. 


Exogyra ponderosa Roemer, 1852, Kreidebildung von Texas, 71. 
Peogyra costata Conrad, 1857, U. S. & Mex. Bound. Surv., i, 154. 


Shell large, capacious; marginal outline irregularly subovate; larger 


> 


valve very gibbous; umbo distinctly spiral, but the coil is usually obscured 
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by a large scar of attachment; umbonal half obtusely carinate, the sides 
sloping abruptly from the carina to the margins; basal half not so deeply, 
‘but mpre regularly convex than the other. Test very massive, sometimes 
having a solid thickness of five or six centimeters, lamellose, so much so 
that the valve often splits into numerous pieces along the surfaces of the 
layers of growth; inner surface smooth; muscular scar of moderate size, 
somewhat deep, placed about midlength of the valve, and, as usual, a little 
nearer to the posterior than to the anterior side; surface marked by strong, 
irregular, imbricating lamellae of growth, which become laciniate at and near 
the margins ; surface also marked by fine concentric strie, and by irregular, 
indistinct, radiating coste, the latter being usually removed by exfoliation 
from old shells. The collections do not contain any example of the upper 
valve, but both Reemer and Conrad describe it as thick, concentrically 
laminated ; smooth within ; umbo horizontal, distinetly spiral. 

Length of an example rather under the average size, from umbo to 
basal margin, about one decimeter: breadth, eight centimeters; convexity 
of the larger valve, nearly six centimeters. 

Among the numerous examples of this species in the collections, none, 
except the one figured, show the radiating costa, and these costee seem to 
be quite different from those, at least of the typical forms, of JZ. costata Say. 
Mr. Conrad states, however, that in New Jersey, Alabama, and Texas every 
intermediate gradation of form and character is found, from typical forms of 
EE. costata to E. ponderosa. Judging from our examples alone, no person 
would suspect such specific relationship ; and, in want of any intermediate 
forms for personal examination, I prefer at present to place our examples 
under the designation given by Dr. Roemer. 

Position and locality.—Strata of the Cretaceous period; east of Impracti- 


cable Ridge, Utah. 
Exogyra leviuscula Romer. 


Plate XVII, fig. 2 a, b, ec, and d. 
Exogyra leviuscula Roemer, 1852, Kreidebildung von Texas, 70. 
Brogyra leviuscula Conrad, 1857, U. 8S. & Mex. Bound. Sury., i, 154. 
Gryphea leviuscula Conrad, 1857, ib., p. 170 and pl. vii. 
Shell of moderate size, capacious, somewhat semi-ovate in form, sub- 


orbicular in marginal outline; test not massive; larger valve much inflated 
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and subhemispherical ; a very indistinctly-defined umbonal ridge is to be 
seen upon some examples, especially near the beak, but in others this 
feature is wanting. 

Umbo small, distinctly spiral, making about two volutions, sometimes 
nearly free, but often very closely curved, giving the posterior side an 
umbilicated character, sometimes haying a very small scar of attachment, but 
often without sucha scar, and always quite symmetrical, or at least not dis- 
torted, as the beak often is in other species of this genus; periphery of its 
curve usually extending beyond the hinge-line, but sometimes not. The 
smaller valve is nearly flat, or slightly and somewhat irregularly concave, 
suborbicular in outline. Surface of both valves having a smooth aspect, but 
it is marked with such lines of growth as are common to other genera of 
shells, and free from the lamination of surface so common in the Ostreide. 

Diameter of the largest example in the collection, from umbo to basal 
margin, forty-seven millimeters ; transverse diameter, forty-two millimeters ; 
depth of the larger valve, twenty-eight millimeters. 

The collections contain numerous examples of this species, the type- 
specimens of which were obtained by Dr. Reemer from near San Antonio, 
Texas. The figure given by Dr. Roemer (oc. cit.) represents the umbo of 
the larger valve more nearly free than that of any of our examples is; the 
umbo in all our examples being closely incurved. In this respect, ours are 
more nearly like those figured and described by Conrad. 

Position and locality—Strata of the Cretaceous period; Linear Plateau, 
Southeastern Utah. 


Exogyra costata Say, var. fluminis. 
Plate XVII, fig. 3 a, b, c, and d. 

Shell rather small, irregularly ovate in outline, somewhat expanded. 
The larger valve moderately capacious ; greatest convexity near the middle, 
from which part the sides slope with less convexity to the basal and lateral 
margins; an obtuse, indistinct carina generally appears upon the umbo, 
becomes obsolete as it extends, and finally disappears about the middle of 
the valve; umbo small, depressed, distinctly spiral; volutions two or less; 


a scar of attachment usually obscures the inner volution, but seldom or 
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never distorts the beak or impairs its symmetry. Smaller valve nearly flat 
or slightly concave, suborbicular in outline. Surface of the smaller valve 
marked by numerous thin imbricating strie of growth; that of the larger 
valve marked by numerous small radiating costee, which are quite distinct 
upon the umbonal region, but become obsolete or absent upon the basal 
portion of the valve. These cost are slightly crenulate or irregular, 
increase a little in size from the umbo toward the base, increase in number 
both by interealation and .bifurcation, and occupy only the external layers 
of the test, exfoliated surfaces being free from them. 

Diameter, from umbo to basal margin, of the largest example in the 
collection, forty-two millimeters; transverse diameter, thirty-four milli- 
meters; convexity of the larger valve, nineteen millimeters. 

This shell reaches a size nearly equal to that of LE. leviuscula Reemer ; 
but it is distinguished from that species by the costate surface, less con- 
vexity, and smaller umbo of the larger valve. 

From the typical forms of L. costata Say, as they are identified from 
the Cretaceous strata of New Jersey, Alabama, and Texas, it differs in its 
much smaller size, its thinner and more delicate test, and proportionally 
smaller costa. The collections contain numerous examples of this variety, 
but none of the typical forms of L’. costata. Some of the examples are very 
young, but the usual uniformity of size prevails among the larger ones that 
indicates adult age, and they have also the aspect of maturity. If it were 
not for the well-known tendency to extreme variation among the Ostreide, 
I should not hesitate to separate this as a distinct species rather than as 
a variety. It is not improbable that, when full and careful comparisons 
shall have been made, our shell will be found specifically distinct from LZ. 
costata. In such a ease, I propose the varietal name given above for a 
specific one. 

Position and locality. Strata of the Cretaceous period; east bank of the 
Rio Puerco, six miles below Casa Salazan, New Mexico. 
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Famity PECTINIDA. 
GENUS CAMPTONECTES Meek (Agassiz), 1864. 


Camptonectes platessa White. 
Plate XVII, fig. 5 a. 
Camptonectes platessa White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Foss., 25. 

Shell thin, suborbicular in outline; length of hinge-line about equal 
to one-half the transverse diameter; ears well defined by auricular furrows; 
posterior ear short, flat, its outer margin slightly concave; anterior ear 
moderately large, marked by distinct lines of growth and obscure radiating 
strie. The anterior ear of the right valve separated from the body-portion 
by a deep, rather narrow, and somewhat angular sinus, the depth of which 
is equal to about one-half the length of the ear from its outer extremity to 
the beak. Radiating striae of the surface moderately fine, increasing in 
number so rapidly that the direction of the outer ends of those above the 
middle of the valve is transverse, and farther toward the hinge they are 
distinctly recurving; the radiating lines crossed by fine concentric striz, 
and occasionally by more distinct lines of growth. 

Height and transverse diameter each about forty-five millimeters. 

This species somewhat resembles C. bellistriata Meek.and Hayden from 
the Jurassic strata of Dakota; but it is proportionally not so broad from 
front to rear, the ears are proportionally a little longer, and the radiating 
strize a little coarser. 

Position and locality—Strata of the Cretaceous period ; fifty miles north 
of Camp Apache, and five miles west of Mineral Spring, Arizona. 


Famity LIMIDZ. 
Genus LIMA Bruguiere, 1791. 
Lima Wacoensis Remer. 


Plate XVII, fig. 4 a, b, and e. 


Tima Wacoensis Romer, 1852, Kreidebildung von Texas, 63. 
ima Wacoensis Conré 57, U.S. & Mex. Bound. Sury., i, 151. 
I Wacoe Conrad, 1857, U. S. & Mex. B d. Surv., i, 151 


Shell rather small, moderately convex, oblique, irregularly oval in 


marginal outline ; antero-basal margin broadly rounded; posterior margin 
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regularly but more shortly rounded than the base; front margin subtruneate ; 
postero-dorsal margin nearly straight or slightly convex, and nearly parallel 
with the antero-basal margin; hinge short; ears of about equal size, small, 
but distinet, each forming an obtuse angle by the cardinal border, and the 
anterior and posterior borders respectively; beaks small, distinctly defined, 
projecting a very little over the cardinal border. Surface marked by num- 
erous radiating cost, which have interspaces of similar or slightly greater 
width between them; costee becoming smaller upon each side of the 
umbonal region, and absent from the ears. 

The long diameter of the largest example contained in the collections 
is about seventeen millimeters ; short diameter, fourteen millimeters. 

This beautiful and well-marked species has quite a wide geographical 
range. It was originally discovered by Reemer in the Cretaceous strata of 
the valley of the Guadalupe, near New Braunfels, Texas. 

Position and locality—Strata of the Cretaceous period; southeast of Paria, 
Utah. 

Famity PTERITDA. 


GENus INOCERAMUS Sowerby, 1814. 
Inoceramus problematicus Schlotheim, sp. 
Plate XVI, fig. 3 a. 
Mytilus problematicus Schlotheim, 1820, Petrefact., 312. 
Mytilus labiatus Brongniart, 1822, Geol. des Envir. Paris, 215. 
TInoceramus mytiloides Goldfuss, 1836, Petrefact. Germ., 118. 
Inoceramus problematicus @Orbigny, 1843, Pal. Frangaise, iii, 510. 
Tnoceramus mytiloides Reemer, 1852, Kreidebildung von Texas, 60. - 

Shell oblique, elongate-ovate in marginal outline, moderately inflated 
in its anterior and umbonal portions, but somewhat compressed posteriorly ; 
valves subequal; left valve more capacious than the right ; umbones oblique ; 
beaks small, pointing forward and incurved, reaching a little farther forward 
than the anterior border; front side broadly rounded, and nearly parallel 
with the posterior side; each valve, for a short distance below the beaks, 
bent abruptly inward to the margin; postero-basal margin abruptly rounded ; 
posterior or anal side broadly rounded to the cardinal border; hinge com- 
paratively short. 

12 F 
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Surface marked by moderately strong concentric plications, and also 
by fine concentric lines of growth. 

The dimensions of this shell differ much with age in their relative 
proportions; the older ones being proportionally much more elongate than 
the young ones. This is due to the more rapid growth of the shell in and 
near the postero-lateral region than elsewhere. The long diameter of one 
of our examples is a little more than six centimeters; the short diameter 
about three and a half centimeters. 

This is perhaps one of the most widely-distributed species of the genus 
in the Cretaceous strata of the United States, and also perhaps one of the 
most variable. This, together with the fact that no species of Inoceramus 
possesses very salient specific characters, often renders its identification a 
matter of some difficulty, especially if the specimens are imperfect. There 
seems, however, to be very little reason for doubting that the forms under 
examination belong to the species J. problematicus, as originally described by 
Schlotheim. 

Position and locality—Strata of the Cretaceous period: southeast of 
Paria, Utah; and also upon the West Fork of Paria Creek, Utah. 


Inoceramus fragilis Hall and Meek. 
Plate XV, fig. 3 a. 

Tnoceramus fragilis Hall and Meek, 1856, Mem. Am. Acad. Arts & Sci., n. s., v, 388. 

Shell of medium size, obliquely ovate in marginal outline, somewhat 
inflated; beaks small, pointed, turned forward; hinge-line rather long; 
surface marked hy concentric undulations and fine lines of growth, but the 
shell has a somewhat smooth aspect. 

The collections contain only a single example of this species, which 
has been recognized by Mr. Meek as identical with L. fragilis. 

Position and locality—Strata of the Cretaceous period; southeast of 
Paria, Utah. 

Inoceramus flaccidus White. 
Plate XVI, fig. 1 @ and b. 


Shell large, irregularly subovate in marginal outline, exclusive of the 
ears; valves subequal, not much inflated; wing moderately large, well defined 
at its inner side by an auricular furrow; hinge-line not very long, nearly 
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at right angles with the front of the shell, and only a little oblique with the 
axis; a more or less distinct, but somewhat irregular, furrow extending the 
whole length of the shell from the posterior side of the umbo to the postero- 
basal margin, giving each valve an obscurely-bilobed appearance; crenu- 
lated face of the hinge narrow, crenulations small; umbonal region narrow; 
beaks prominent, curved forward and inward; test comparatively thin 
throughout the whole shell; surface having the, ordinary concentric lines of 
growth, and the test is also thrown into numerous rude and irregular con- 
centric undulations. 

Length of the largest example in the collection, about twenty-two cen- 
timeters; greatest breadth, about fifteen centimeters. 

This species is remarkable for the rudeness and extravagant irregu- 
larity of the undulations of the surface, of which irregularity the outline also 
partakes, giving the shell a flaccid aspect. The specimens of the collections 
are almost wholly in the form of natural casts, being preserved in a fine- 
grained calcareous sandstone, some of which is crowded with fragments of 
this species. 

Position and locality— Strata of the Cretaceous period; five miles above 


Pueblo, Colorado. 
Inoceramus deformis Meek. 


Plate XV, fig. 1 a and b. 
TInoceramus deformis Meek, 1872, Geol. Surv. Wyoming & Contiguous Territories, 296. 
Inoceramus deformis Meek, 1874, (Manuscript) U. S. Geol. Expl. 40th Parallel. 

Shell moderately large, irregularly subovate or subcircular in marginal 
outline; entire form subglobose when adult; valves subequal, very much 
inflated; beaks broad, not very prominent; hinge-line short; cardinal bor- 
der of test somewhat massive; crenulated face of the hinge moderately 
broad; test thin in the middle region of the valves, but it becomes greatly 
thickened at the margin of old shells, in some cases forming a massive rim 
around the whole border of each valve, including the cardinal border. 

Surface marked by the ordinary fine concentric lines of growth, and 
the test is also thrown into more or less regular, coarse, concentric folds or 
undulations. 

Diameter of the largest example in the collections, measured along the 
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axis of the shell, nearly sixteen centimeters; breadth of the same at right 
angles with the former measurement, about fourteen centimeters; thickness, 
both valves together, not far from fourteen centimeters. 

This species is remarkable for its extreme gibbosity, and the great thick- 
ening of the test at the borders of the valves. Disconnected fragments of 
these thickened valves are often met with, which has led to the supposition 
that they indicated a species, perfect examples of which were not yet dis- 
covered, and which was provided with a test equally thick throughout. 
The relative thickness of the test, however, in different parts of the valve, 
is shown at least approximately in figure 1 b, Plate XV. 

The test of all the known examples of this species, as is usually found 
to be the case with the test of Inoceramus, lias wholly a prismatic structure, 
and is much thinner in the middle and umbonal regions than toward the 
free borders, while the reverse is usually the case with conchifers. This 
seems to indicate that a portion of the thickness of the valve at the middle 
and umbonal region was absorbed while the animal was alive, or that a thin 
pearly layer was originally formed upon the inside of the valves, as in 
Pinna, and that it became dissolved or decomposed after its entombment, by 
agencies which the prismatic layer resisted. The latter suggestion is strength- 
ened by the fact that many of the Cretaceous Pinnas show no trace of a 
pearly layer, such as living Pinnas have, while the prismatic layer is well 
preserved. It is difficult, however, to reconcile this with the fact that the 
pearly layer in LZ. Barabini is often as well or better preserved than the pris- 
matic layer. 

Position and locality.—Strata of the Cretaceous period ; five miles above 


Pueblo, Colorado. 
Inoceramus Barabini Morton. 


Plate XVI, fig. 4 a. ,; 
Tnoceramus Barabini Morton, 1834, Synop. Org. Remains Cret. Group, 62. 
? Inoccramus Crispii Conrad, 1857, U. S. & Mex. Bound. Surv., i, 152 (not Mantell). 
Shell of medium size, clongate-ovate in marginal outline, moderately 
inflated, especially in front and in the umbonal regions; valves equal, or 
nearly so; umbones more or less inflated; beaks small, not reaching quite 
so far forward as the front side of the shell; front truneated and short; 


basal margin broadly rounded; posterior margin curving somewhat abruptly 
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upward from the base and rounded to the eardinal margin ; hinge-line long, 
sometimes nearly parallel with the basal border, and never much divergent 
from it. 

Surface marked by moderately strong folds or undulations, and also by 
fine lines of growth. 

Long diameter, of an average-sized example, about seven centimeters ; 
shorter diameter, at right angles with the former measurement, four and a 
half centimeters. 

The conspicuous features of this species are its long, slightly divergent 
hinge-line, and its inflated truncated front. 

It is a fact worthy of note that the greater part of the examples of this 
species in the collections have the pearly layer of the test in a better state 
of preservation than the prismatic layer, while in the numerous other species 
of the genus that have come under my observation, the pearly layer is 
usually, if not always, wanting. 

Position and locality—Strata of the Cretaceous period; one and a quarter 


miles south of Bowlder, Colorado, and at Gallinas Creek, New Mexico. 


Inoceramus dimidius White. 
Plate XVI, fig. 2a, b, ec, and d. 
Inoceramus dimidius White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 25. 

Shell very small for one of this genus, inflated, sometimes much so, 
obliquely subovate in outline; valves subequal, the left one being a very 
little more capacious than the other; test thin; beaks small, prominent, 
acute, Incurving, and pointing a very little forward; hinge-line straight or 
nearly so, rather short. 

Surface marked by more or less regular and more or less strong con- 
centric folds or undulations. In some cases, these undulations continued to 
be formed only until the shell had attained about half its full size, when they 
ceased, the remainder of the surface being marked only by ordinary con- 
centric lines of growth. This irregularity in the formation of concentric 
folds is sometinres connected with considerable distortion of the usual 
symmetry of the shell. 

The long diameter of an average example from the umbo to the postero- 
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ventral margin, twenty-six millimeters; greatest breadth, eighteen milli- 
meters; thickness, sixteen millimeters. 

This species is especially distinguished by its small size. Its other 
more conspicuous specific characters are the small but prominent and 
pointed beaks and subequal valves. From the young of I. problematicus, 
the valves of which are also subequal, it differs in the character of the beaks 
just mentioned, the much greater convexity of the valves, and other evidences 
of mature growth. 

The collections contain quite a large number of examples of this neat 
little species, both valves of whieh, in a majority of cases, are together in 
their natural position. 

Position and locality.—Strata of the Cretaceous period; Ojo del Piscado, 
New Mexico. 

Famity PINNIDA. 
GENUS PINNA Linneus, 1758. 
Pinna petrina White. 
Plate XIII, fig. 7 a and b. 
Pinna petrina White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 24. 

Shell moderately large, broad, rather thick, rapidly expanding in height 
as it increases in length; dorsal margin concave; ventral margin convex ; 
amore or less strongly-raised carina extending from the beak to the poste- 
rior margin, defining a prominent longitudinal angle along the median por- 
tion of each valve, which is placed a little nearer the ventral than the dorsal 
border; transverse section rhomboidal, the sides of the rhomb being 
slightly convex; posterior margin oblique with the axis of the shell, form- 
ing a distinct but obtuse angle with the dorsal margin. The acute angle 
which it would form with the ventral margin if continued all the way to it 
in a direct course is abruptly rounded. 

Surface marked by strong, distinct lines of growth, which run obliquely 
downward and backward in a nearly direct course from the dorsal margin, 
across the mesial angle, to near the ventral margin, where they are abruptly 
flexed forward, and blend with the ventral border. Crossing the lines of 


growth upon the surface above the mesial angle, there are coarse but indis- 
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tinct radiating striz, and occasionally still more indistinct traces of similar 
ones below that angle, all of which are more discernible upon the anterior 
than upon the posterior part of the shell. More or less of the test is pre- 
served upon all the specimens; but no trace of the pearly layer has been 
detected, all the test having the usual prismatic structure. 

Some of the largest examples measure seven and a half centimeters in 
width along the posterior margin, and they must have been not less than 
seventeen centimeters in length when entire. The large size, proportionally 
great width, and angular aspect of this shell distinguish it from any other 
likely to be confounded with it. It resembles P. Renauxiana VOrbigny, 
as figured by him in Paléontologie Frangaise, but it expands much more 
rapidly in width than that species does, is not proportionally so thick, and 
has a very different posterior marginal outline. In that shell it is the mid- 
dle of the posterior margin that is most extended, while in ours the greatest 
extension is much below the middle. 

Position and locality—Strata of the Cretaceous period; east of Mount 
Taylor, one mile south of Pajuate, New Mexico. 


Orpen DYMYARIA. 
Famity ARCIDA. 
GENUS IDONEARCA Conrad, 1862. 
Idonearca depressa White. 
Plate XVIII, fig. 13 a and 5b. 


Shell of moderate size, gibbous, irregularly trapezoidal or subovate in 
marginal outline; posterior half of the basal margin nearly straight, broadly 
rounding upward anteriorly, and sharply rounding the end of the umbonal 
ridge to meet the posterior margin; anterior margin regularly rounded up 
to the hinge-line; posterior margin long, about equal in length to the full 
height of the shell, nearly straight or slightly convex, extending obliquely 
downward and backward; hinge-lme equal to a little more than half the 
length of the shell; areas small, narrow, well defined, slightly concave ; 
beaks very small, depressed, a little incurved; umbonal ridges very promi- 
nent, each bounding anteriorly a flattened, three-sided space, along the 


middle of which there is a radiating, raised line. 


184 CRETACEOUS PERIOD. 


Surface marked by the usual lines of growth and also by numerous 
small, flat, radiating coste of unequal width, with narrow, sharply- 
impressed interspaces between them; costew largest upon and near the 
umbonal ridge, becoming obsolete near the cardinal border, both anteriorly 
and posteriorly. 

Length, measuring across at about midheight of the shell, twenty- 
eight millimeters; height, from base to umbo, twenty-three millimeters ; 
thickness, both valves together, about twenty millimeters. 

This species is not fully represented in the collections, but its specific 
characters are very satisfactorily shown. <A full collection of examples 
would probably show variations of outline, due to sex, in some cases, 
whereby the aspect of the shell may be a little different from that of the 
figure. It is perhaps as nearly related to I. Shwmardi Meek and Hayden as 
to any other described species, but it is clearly distinguished from that by 
its depressed beaks and prominent umbonal ridges. 

Position and locality—Strata of the Cretaceous period; east bank of 
Rio Puerco, six miles below Casa Salazan, New Mexico. 


Famity LUCINIDA. 
Genus LUCINA Brugniére, 1792. 
Lucina subundata Hall and Meek. 


Plate XVIII, fig. 12 a. 


Lucina subundata Hall and Meek, 1856, Mem. Am. Acad. Arts & Sci., n. s., v, 382. 


Shell suborbicular in marginal outline, lenticular, moderately convex, 
length a little greater than the height; basal margin broadly rounded ; 
anterior and posterior margins a little more narrowly rounded than the base; 
postero-dorsal margin gently sloping ; beak small, slightly elevated, a trifle 
nearer to the posterior than to the anterior side. Surface marked by the 
ordinary concentric lines of growth, which are crossed by very faint radi- 
ating striae. 

Length, fifteen millimeters; height, thirteen millimeters. 

Position and locality—Strata of the Cretaceous period; southeast of 
Paria, Utah. 
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Faminy GLOSSID 2. 
GENUS VENIELLA Stoliczska, 1870. 


Veniella goniophora Meek. 


Veniella goniophora Meek, 1875, Paleont. Upper Missouri River, 152. 


Some imperfect examples of this species were obtained from Cretaceous 
strata southeast of Paria, Utah. Mr. Meek’s types of the species were 
obtained from the valley of the Missouri River, near Fort Benton. The 
above-named work, which is now issuing from the press, contains full 
descriptions and illustrations, for which the examples in hand are too imper- 
fect to furnish a satisfactory basis. 


Faminy MACTRIDA. 
GrENuS MACTRA Linnzeus. 


Mactra? incompta White. 


Plate XVII, fig. 6 a and b. 


Shell small, transversely subovate in marginal outline; valves moder- 
ately convex; beaks somewhat prominent, placed a little more than one- 
third the length of the shell from the front ; dorsal border strongly arching ; 
base broadly rounded; front regularly but strongly rounded; posterior 
border broadly rounded down to the basal margin, which it meets at an 
obtuse angle, and which is there met by an obscure, broadly-curving umbo- 
nal ridge. Surface marked by somewhat regular, small but distinct, raised, 
concentric striae. The general aspect of the shell, the absence of an exter- 
nal ligament, and the presence of a well-developed lateral tooth in the left 
valve (all of the hinge yet seen) suggest its reference to the genus Mactra, 
but it may probably be found to differ from the typical forms of that genus 
by the discovery of the whole hinge. 

Length, eighteen millimeters ; height, from beaks to base, fourteen mil- 
limeters ; thickness, nine millimeters. 

Position and locality —Strata of the Cretaceous period; five miles above 
Pueblo, Colorado. , 
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Famiry ANATINID A. 
Genus LEIOPISTHA Meek, 1864. 
SusGenus PSILOMYA Meek (manuscript, 1874). 
Leiopistha (Psilomya) Meekii White. 
Plate XVIII, fig. 14 a, b, c, and d. 
Leiopistha (Psilomya) Meekii White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. 
Invert. Ioss., 26. 

Shell short, much inflated ; umbones large, elevated; beaks small, 
strongly curved inward and downward, and very slightly turned forward ; 
posterior portion moderately produced, somewhat compressed laterally ; 
free margins forming a regular but unequally convex curve, the greatest 
convexity of which is in front and the least along the base; upper portion 
of the posterior border obliquely truncated, so that the greatest posterior 
extension of the shell is a little below the hinge-extremity. 

Surface having a smooth aspect, but it is marked by fine concentric 
lines of growth. Under a lens, very fine, obscure, radiating striz are seen 
upon the surface of a little more than the anterior half of the shell; and upon 
the remainder of the surface, except a small space adjoining the posterior 
cardinal border, there are small, somewhat distant, radiating striz, easily 
seen by the unassisted eye. Upon these strize, both the distinct and obscure, 
the lens shows numerous minute punctures, placed at irregular intervals, 
which are the bases of minute, short, blunt spines, or which mark the places 
from which the spines have been removed. 

Length, twenty-five millimeters; height, from base to umbo, twenty 
millimeters ; greatest thickness, both valves together, sixteen millimeters. 

This shell seems to be more nearly related to L. globosa (= Poromya 
globosa Forbes) than to any other described species. Compared with that 
species, as figured and described by Stoliczska (Cretaceous Fauna of South- 
ern India, vol. iii, p. 47, pl. iii, fig. 8, and pl. xvi, fig. 16), ours differs in 
being less globular, in having the umbones more elevated, and in the more 
distinct radiating strize upon the posterior half of each valve. 

This species belongs to an interesting group of shells, which form a 
part of the family Axatinide, and which Mr. I. B. Meek has defined under 
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the generic name of Leiopistha, of which genus he regards the Cardin 
elegantulum of Roemer as the type. He has also divided the genus into 
three sections or subgenera, under the names of Letopistha proper, Cymella 
and Psilomya (the latter yet in manuscript and awaiting publication). The 
species here described is regarded as a typical one of the last-named sub- 
genus. The completeness and precision with which that distinguished 
paleontologist has done the work upon this group of shells reflect great 
credit upon the science, and it affords me pleasure to name this species in 
his honor. 

Position and locality—Strata of Cretaceous age; southeast of Paria, 


Utah. Y 


Supcrnus CYMELLA Meek, 1864. 
Leiopistha (Cymella) undata Meek and Hayden, sp. 
Plate XVII, fig. 15 a. 


Pholadomya undata Meek and Hayden, 1856, Proc. Acad. Nat. Sci. Phila., 81. 
Cymella undata Meek, 1864, Smithsonian Check-List Cret. and Jurassic Fossils, 34. 


Shell small, subovate in marginal outline; valves moderately convex; 
beaks somewhat prominent, incurving, and very slightly turned forward, 
placed about two-fifths the length of the shell from the front; front margin 
regularly, and basal margin more broadly, rounded; dorsal margin sloping 
a little downward to the front and behind, sloping gently to the posterior 
margin; the latter margin regularly, buta little more abruptly, rounded than 
the front; concentric undulations comparatively strong and distinct, all 
around, parallel with the free margins; radiating impressed lines of the 
middle of the valves also distinct, but rapidly diminishing in distinctness 
toward both ends; a narrow fold extends from beneath the beak, along the 
postero-dorsal region, producing a narrow furrow along the lower side of 
the fold, and a similar but less distinct one between it and the dorsal border, 
both furrows being of about the same width as the fold. 

Length, thirteen millimeters; height, from beak to base, nearly ten 
millimeters. 

This species is the type of the subgenus Cymella. 

Position and locality —Strata of the Cretaceous period; Gallinas Creek, 


New Mexico. 
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Famity CORBULIDA. 
GrNus CORBULA Bruguiére, 1792. 
Corbula nematophora Meek. 
Plate XVII, fig. 7 a, b, and ec. 
Corbula nematophora Meek, 1872, Geol. Surv. Montana, Idabo, Wyoming, and Utah, 496. 


Shell small, subovate or subtetrahedral in marginal outline, nearly 
equivalve, moderately gibbous, height in relation to the length about as 
seven to ten, posterior extremity somewhat produced; basal margin broadly 
rounded, abruptly rounded up at each end to meet the anterior and pos- 
terior slopes respectively; anterior slope more abrupt than the posterior, 
almost straight or slightly concave; posterior slope longer and more oblique 
than the anterior, nearly straight; umbones rather prominent; beaks small, 
slightly incurved; umbonal ridge somewhat distinct; postero-dorsal region 
flattened and sometimes marked by an inconspicuous radiating raised line. 

Surface marked by fine, raised, concentric lines of growth, and also 
by strong, concentric folds placed at irregular intervals, having apparently 
been produced by the temporarily arrested marginal growth of the shell at 
irregular intervals of time. Sometimes the surface, especially that of the 
left valve, is nearly free from these folds, but in other cases they are so dis- 
tinct as to produce considerable distortion of the valve. 

Length, six millimeters; height, four millimeters. 

The average size of the specimens contained in the collections is con- 
siderably less than that given by Mr. Meek (oe. cit.) for his largest typical 
example; but there seems to be very little reason to doubt that the shells 
under examination are specifically identical with C. nematophora. 

The-average size of the specimens obtained at the second locality 
named below is greater than that of those obtained from the first-named 
locality. This is probably due to the difference in the conditions of the 
habitat of the mollusks at the two localities respectively, while they lived, 
as indicated by the composition of the rock in which they are now embed- 


ded; that of the first-named locality being comparatively pure limestone, 
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while the rock of the other locality is soft, clayey shale, with thin intercalated 
layers of impure limestone. 

Position and locality.—Strata of the Cretaceous period; plateau near the 
west crossing of the North Fork of Virgin River, and elsewhere near the 
North Fork of that river, Utah. 


CLASS GASTEROPODA. 


Sunctass DICECA. 
Orper RHIPHIDOGLOSSA. 


SuBorDER PODOPHTHALMA. 
Famity NERITIDA. 
Genus NERITINA Lamarck, 1809. 
SubpGrenus VELATELLA Meek, 1872. 
Neritina (Velateila) carditoides Meek. 
Plate XVIII, fig. 7 a, b, and e. 


Neritina (Dostia?) carditoides Meck, 1872, Geol. Surv. Montana, Idaho, Wyoming, and 
Utah, 499. 


Shell of medium size, broadly oval in marginal outline, depressed-con- 
vex; apex subspiral, slightly oblique, reaching nearly to the posterior margin, 
and depressed nearly upon the posterior border; inner lip occupying a little 
more than half the under surface of the shell, smooth, slightly convex, appar- 
ently thick, but really thinned by absorption within ; the free margin of the 
inner lip somewhat sharp, straight, plain; outer lip thickened, coarsely and 
somewhat obscurely crenulate; aperture subreniform, considerably less in 
size than one-half the under surface of the shell. The space between the 
shelf-like imner lip and the roof of the shell is partially divided by a thin, 
slightly-twisted process or vertical partition, which extends inward and 
backward from the antero-dextral corner directly toward, but not reaching, 
the apex, so that communication between the two portions of the space thus 
partially divided was around the posterior edge of the partition. 

Surface marked by fifteen or twenty radiating coste similar to those 
that mark Cardium or Cardita, and these are crossed by numerous distinct 


lines of growth. 
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Mr. Meek described this species from Cretaceous strata at Coalville, 
Utah, together with NV. bellatula, another species possessing similar sub- 
generic characters, to designate which he proposed the subgeneric name of 
Velatella. 


Position and locality—Strata of the Cretaceous period; south of Last 
Bluff, Utah. 


Orper PECTINIBRANCHIATA. 
SUBORDER TASNIOGLOSSA. 
Famity APORRHAIDA. 
Grnus ANCHURA Conrad, 1860. 
Anchura ? fusiformis Meek. 


Plate XVIII, fig. 4 a. 
Anchura ? fusiformis Meek, 1874 (Manuscript), Geol. Expl. 40th Parallel. 


Shell of medium size; body subfusiform ; spire somewhat elongated 
and tapering to a point; volutions eight or nine, convex ; suture impressed; 
last volution moderately large, without arevolving angle. Wing moderately 
large, broad-oblong; outer border nearly straight and nearly parallel with 
a line produced from the slope of the opposite side of the spire; its posterior 
end terminating in a somewhat slender, slightly curved, sharp, backward- 
projecting spine-like process; its anterior end terminating in a somewhat 
distinct, but obtuse, angle; posterior border of the wing having a somewhat 
regular concave curve between the base of the spine-like process and the 
spire; anterior border of the wing curving with slight irregularity from the 
anterior angle of the outer border to the anterior canal; this canal is mod- 
erately long and slender. 

Test thin and delicate, except at the borders of the wing, where it is 
considerably thickened, and there are also some indications upon one of our 
examples of a thickening of the posterior end of the inner lip. 

Surface marked by fine, distinct strize and numerous, somewhat irregular 
undulations of growth. Crossing these strize of growth, the surface is covered 
with minute revolving strize of uniform size, giving it a delicately-ornamented 
appearance under the lens. Upon some of our examples, however, the 


CRETACEOUS PERIOD. 191 


revolving striz are obsolete. Occasionally also a few incipient vertical 
coste are to be seen upon the bedy volution of large specimens. 

Length of the largest example in the collection, from the apex of the 
spire to the end of the anterior canal, thirty millimeters. 

Mr. Meek’s type-specimens being incomplete, he was in doubt whether 
they ought to be referred to the genus Anchura or not. The examples under 
consideration: will not enable me to decide the question now. The presence 
of a little callus preserved at the posterior portion of the aperture of one of 
our examples suggests the probable presence of a posterior canal; in which 
case the shell cannot be assigned to Anchura, but probably belongs to the 
genus Helicaulax Gabb. 

Position and locality—Strata of the Cretaceous period: east bank of Rio 
Puerco, six miles below Casa Salazan; six miles west of Seboetto; and Cerro 
Rotunda, New Mexico. 


GENUS LISPODESTHES, nov. gen. 
Etym.—iszos, smooth, and 207s, a garment; in allusion to the callus-covered spire. 


Shell fusiform ; anterior canal straight or slightly curved, and more or 
less produced ; posterior canal extending nearly or quite the whole length 
of the spire, from near the apex of which it may be a little deflected ; aper- 
ture winged; wing rather large, bearing two processes; the posterior pro- 
cess spine-like or falciform; the anterior process either in the form of a lobe 
or tongue-shaped ; inner lip and spire covered with callus. 

This genus is related to Helicaulax Gabb, and may possibly prove to 
be only subgenerically distinct from it. It differs from that genus in having 
the callus enveloping the whole spire instead of extending along the under 
side only, and also in the presence of the moderately large anterior process 
of the wing. In some respects it is like Calyptrophorus Conrad, but it differs 
conspicuously from that genus in having two prominent processes to the 
wing instead of being plain, thickened, rounded, and smooth. Besides this, 
the form is not so elongate as is common in that genus. 

Only two species of this genus, so far as I am aware, have been dis- 
covered in the Cretaceous strata of North America, both of which are 
described in this report. 


—_ 
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Lispodesthes nuptialis White. 
Plate XVIII, fig. 3a and b. 


Anchura nuptialis White, 1874, Exp. & Surv. west 100th Merid., Prelim. Rep. Invert. 
Foss., 24. 

Shell small; body subfusiform; wing moderately large; spire some- 
what prominent, acute, but so thickly encrusted with callus that the volu- 
tions are only obscurely shown, except where the callus is removed by 
exfoliation; revolving angle absent or obsolete upon the volitions of the 
spire, even when bared by exfoliation of the callus, but it is somewhat dis- 
tinct upon the body-volution, being continued out upon the falciform pro- 
cess of the wing. This posterior falciform process diverges widely from 
the axis.of the shell, but, by recurving, it extends nearly as far backward 
as the apex of the spire; anterior process of the wing somewhat thickened, 
its breadth throughout about equal to that of the falciform process at the 
base, its length and breadth about equal, its outer end obliquely rounded ; 
space between the two processes very harrow ; from the base of the anterior 
process the border of the wing extends forward with a concave curve to the 
base of, and ends at, the long, slender anterior canal; posterior border of the 
wing concave and continuous with that of the falciform process on the one 
hand, and with the callus-border of the posterior canal on the other. 

Length, from the apex of the spire to the end of the anterior canal, 
twenty millimeters; breadth, measuring across from the base of the pro- 
cesses of the wing to the opposite side, nine millimeters; spire, falciform 
process, and anterior canal, each about seven millimeters. 

Position and locality—Strata of the Cretaceous period ; fifty miles north 
of Camp Apache, five miles west of Mineral Spring, Arizona. 

Lispodesthes lingulifera White. 
Plate XVIII, fig. 2 a@ and b. 

Shell rather small; body subfusiform; wing moderately large; spire 
of medium size, acute, nearly or wholly encrusted with callus, by which the 
form of the volutions is obscured; volutions six or seven, seen to be regu- 


larly convex where the callus is exfoliated; suture impressed; revolving 
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angle distinct upon the body-volution, and forms a carina as it is continued 
out upon the spine-like posterior process of the wing. This process 
diverges widely from the axis of the shell, and curves gently backward ; 
anterior process of the wing moderately large, linguliform, projecting 
straight outward, and a little forward, and separated from the other process 
by a notch of moderate width, which is abruptly rounded at the bottom. 
From the base of the spine-like process, the posterior border of the wing 
curves gently inward and backward against the spire; anterior border of 
the wing curving forward from the base of the anterior process and ending 
in the slender anterior canal; posterior canal or groove narrow, extending 
back nearly or quite to the apex of the spire. Surface of the wing marked by 
the ordinary lines of growth, and upon the outer volution of some speci- 
mens there are faint indications of revolving striz. 

Full length of the shell, from the apex to the end of the anterior canal, 
about thirteen millimeters; width across the last volution, including the 
whole wing, but not the processes, six millimeters. 

This species is closely related to L. nuptialis of the preceding descrip- 
tion, but differs from that species in its less robust form, comparatively 
smaller wing, more slender and less recurving posterior process, and in the 
linguliform, instead of lobe-shaped anterior process. 

Position and locality—Strata of the Cretaceous period; east of Mount 
Taylor, one mile south of Pajuate, New Mexico. 


Famity TECTURIDA. 
GENUS ANISOMYON Meek and Hayden, 1860. 


Anisomyon borealis Morton, sp. 


Plate XVIII, fig. 9 a and b. 
Hippongex borealis Morton, 1842, Jour. Acad. Nat. Sci. Phila., viii, pl. ii, fig. 6. 
Teleion carinatus Meek and Hayden, 1856, Proc. Acad. Nat. Sci. Phila., 68. 
Anisomyon borealis Meek and Hayden, 1860, Am. Jour. Sci., xxviii, 2d 8., 35. 
Shell obliquely conical; marginal outline broadly oval or suboval; 
breadth greater than the height ; lateral slopes nearly straight or slightly 
convex ; anterior slope concave ; posterior slope convex. Surface marked 
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by conspicuous lines of growth, which are crossed by numerous finer 
radiating lines. Besides the latter, there are eight slightly-raised radiating 
ridges extending from the apex to the border, which leave upon the internal 
cast faint shallow furrows, and where the shell is partially exfoliated they show 
asnarrow linear grooves in its substance. These grooves or ridges are usually 
arranged with considerable regularity as to their relative distances from each 
other, but sometimes they are less symmetrically arranged than they are rep- 
resented in figure 9 a. The margin is usually very slightly emarginate at 
each of the radiating ridges, and seems to have been elevated a little at the 
front. 

Antero-posterior diameter, thirty millimeters; transverse diameter, 
twenty-five millimeters; height, about twenty millimeters. 

Position and locality —Strata of the Cretaceous period; Gallinas Creek, 
New Mexico. 

Anisomyon centrale Meek. 


Plate XVIII, fig. 8 a and b. 


. 


Anisomyon centrale Meek, 1870, Geol. Surv. Wyoming & Contiguous Territories, 312. 


Among the collections made at Gallinas Creek, New Mexico, there is 
a single internal cast in indurated clay, which I refer with comparatively 
little doubt to A. centrale Meek. Its height is proportionally much less 
than that of typical examples of this species. This imperfection, together 
with the absence of the test, render it insufficient of itself to base a specific 
description upon; consequently, I give the substance of Mr. Meek’s original 
description as follows :— 

“Shell depressed-conical; apex nearly central; slopes nearly straight 
all around, but sometimes the anterior and sometimes the posterior slope is 
a little convex; marginal outline nearly circular or very broadly oval. 
Surface marked by concentric lines of growth, by slightly-raised radiating 
strix, and also by somewhat irregular radiating furrows of unequal depth; 
the furrows being larger and deeper upon the anterior half of the shell. 

“Breadth of the largest specimens seen, 1.16 inches; height, about 
0.95 inch.” 


Our example is represented in figure 8 @ and 4, of natural size, by 
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which it will be seen to be considerably smaller than the maximum size of 
Mr. Meek’s specimens. It differs somewhat also from his description in 
} ] 
having its radiating furrows more irrecularly disposed upon the anterior 
to) 5D fo} My 
part of the shell, but this is regarded as only an individual variation. 


Famity TURRITELLIDA. 
Genus TURRITELLA Lamarck, 1801. 


Turritella uvasana Conrad. 
Plate XVIII, fig. 11 a and bd. 
Turritella uvasana Conrad, 1856, Pacific Railroad Surveys, v, 321. 
Turritella uvasana Gabb, 1864, Paleontology of California, i, 134. 

Shell of ordimary size, elongate, slender ; sides straight ; volutions nu- 
merous, apparently reaching eighteen or twenty in number when full-grown ; 
the sides of the volutions nearly straight or only slightly convex ; suture 
broad, deeply impressed. ° 

Surface marked by numerous revolving raised lines, six or eight of 
which are moderately large, the smaller ones alternating with them. The 
larger lines are minutely nodose upon the larger volutions, and upon the 
last one they are sometimes even subspinulose. 

All the specimens of this species in the collection are more or less 
broken, but, judging from the apical angle indicated by their sides, the 
largest one must have been about five and a half centimeters long, and its 
last whorl about thirteen millimeters in diameter. 

I have referred this species to T. wasana Conrad with some doubt, for 
several reasons. Both Conrad’s and Gabb’s descriptions are unsatisfactorily 
short: Conrad’s figure is of only a fragment; Gabb’s figure is proportionally 
more slender than any of our examples ; and, finally, Conrad refers his species 
to the Eocene period. Gabb, however, obtaining his specimens from the 
typical locality, in Los Angeles County, California, refers the strata there 
to the Cretaceous period. 


Position and locality—Strata of the Cretaceous period; southeast of 
Paria, Utah. 
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GENUS CASSIOPE Coquand, 1865. 
Cassiope Whitfieldi White. 
Plate XVII, fig. 1 a. 


Cassiope Whitfieldi, White, 1874, Expl. & Surv. west 100th Merid., Prelim. Rep. Invert. 


Toss., 27. 


Shell moderately large, elongate-conical, umbilicate ; volutions appar- 
ently about twelve, prominent and prominently angular below the middle 
of the visible portion, slightly concave from the prominent revolving angle 
to the suture below, also very slightly and somewhat irregularly concave 
from that angle to the suture above. A little below the suture there is a rather 
small, shallow furrow, with its borders above and below raised into more or 
less distinct revolving ridges. Upon the under side of the last volution, 
which is rather strongly convex, there are three small revolving ridges, one 
of them bounding the umbilicus; the other two are placed near each other 
above the middle of the space, and are continuous to the apex of the shell. 
It is between the two last-named ridges that the hinder edge of each 
succeeding volution joins the preceding one. Umbilicus moderately large 
and deep; aperture subovate in outline ; outer lip sinuate, having a broad, 
shallow notch above its middle, projecting somewhat anteriorly, and rounded 
abruptly into the umbilicus. 

Surface marked by more or less strong undulating lines of growth, 
apparently without small revolving lines. 

Diameter of the last volution of our largest example, nearly four and 
a half centimeters ; the full height of the same, when entire, must have been 
not far from eleven centimeters. 

This shell has nearly the general aspect of Turritella Mortoni Conrad, 
but the presence of an wnbilicus separates it generically from that shell. 

Dedicated to Mr. R. P. Whitfield, the accomplished paleontologist of 
Albany, New York. 

Position and locality —Strata of the Cretaceous period; at the head of 
LeVerken Creek, and also in Pace’s Canon, Utah. 
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GENUS EULIMELLA Forbes, 1846. 
Eulimella funicula Meek. 
Plate XVIII, fig. 6 a. 
Lulimella? funicula Meek, 1872, Geol. Sury. Montana, Idaho, Wyoming, and Utah, 506, 


Shell rather small, slender, elongate-conical; sides, from the last 
volution to the apex, slightly convex; volutions ten or twelve, their sides 
nearly flat or slightly convex; last volution subangular below the middle ; 
suture linear; aperture oval, rounded anteriorly, subangular posteriorly ; 
inner lip a little thickened; columella imperforate, nearly or quite straight, 
and in a line with the axis of the shell; surface smooth, apparently polished. 

Length, about sixteen millimeters ; angle of lateral divergence, eighteen 
‘or twenty degrees. =" ' 

Mr. Meek referred this species to Eulima with much hesitation, and 
suggested (loc. cit.) that it might subsequently be found, through the dis- 
covery of more perfect specimens, to belong to the genus Eulimella. None 
of our examples show the apex, and it is, therefore, not known whether it 
is sinistral or not, but the one selected for figuring shows the columella to 
be simple, and nearly or quite straight, as in true Lulimella. I therefore 
refer it provisionally to that genus. 

Position and locality—Strata of the Cretaceous period; North Fork of 
Virgin River Utah. 


Famity PYRAMIDELLIDA. 


GENUS TURBONILLA Leach, 1825. 
SUBGENUS CHEMNITZIA Conrad, 1860. 


Turbonilla (Chemnitzia) melanopsis Conrad (?). 
Plate XVIII, fig. 10 a. 

Among the fossils obtained from near the west crossing of Virgin River, 
Utah, are some imperfect examples of a shell that seems to be identical with 
T. melanopsis Conrad. As these are all too imperfect to base a full descrip- 
tion upon, I copy that of the author from the Journal of the Academy of 
Natural Sciences of Philadelphia, (2d series, vol. iv, p. 287):—‘“7. (Chem- 
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nitzia) melanopsis—Subulate; whorls nine, flattened on the sides; ribs 
regular, slightly curved, about seventeen in number on the body-whorl; 
revolving lines distinct, unequal, about seventeen in number on the penulti- 
mate whorl ; suture impressed, slightly waved; aperture long, elliptical.” 


SUBORDER TOXOGLOSSA. 
Famity ADMETIDA. 


GrENus ADMETE Moller, 1842. 
SupGenus ADMETOPSIS Meek, 1872. 


Admete (Admetopsis) gregaria Meek. 
Plate XVIII, fig. 5 a and b. 

Admete? gregaria Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 506. 

Shell rather «small, subfusiform, excluding the outer lip; spire promi- 
nent, tapering to a small apex; volutions six or eight, convex, abruptly 
rounded in to the suture above; suture well defined; last volution moder- 
ately inflated, its length equal to, or a little greater than, one-half the full 
length of the shell; aperture of moderate size, about as long as the spire, 
narrowing posteriorly and ending anteriorly, at the base of the columella, 
in a distinct sinus; columella marked by two spiral folds, the larger one of 
which blends with the truncated extremity of the columella. The other 
fold is placed a little above the first and passes backward into the aperture 
a little more obliquely ; inner lip a little thickened along its whole length ; 
outer lip in adult shells moderately thick, its outer margin broadly rounded, 
and its anterior margin abruptly truncated to the base of the columella. 

Surface marked by numerous, more or less strongly-elevated, longitudi- 
nal or slightly oblique folds, of regular but gradually-increasing size, coin- 
cident with the growth of the shell. These folds are quite distinct upon the 
middle volutions, scarcely observable near the apex, and sometimes obsolete 
upon the last volution, or visible only upon its posterior portion. Numer- 
ous small, revolving, raised lines cross these folds, often not perceptible 
between, but distinct upon, the folds, giving them a nodulose or corrugated 
appearance. ‘These revolving lines are always present and usually con- 


spicuous upon the anterior part of the last volution. 
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Length of a large example, nineteen millimeters; breadth of its last 
volution, including the outer lip, ten millimeters. 

Mr. Meek described ((oc. cit.) two other closely-related species, all from 
the Cretaceous strata at Coalville, Utah, which he proposed to group under 
the subgeneric name of Admetopsis. Their generic characters are very 
closely like those which distinguish the recent genus Admete, but I agree 
with Mr. Meek in regarding the differences as of at least subgeneric if not 
full generic value. In Admetopsis it is the lower fold upon the columella 
that is most prominent, being particularly so just where it blends with the 
truneated end of the columella. In Admete, on the contrary, it is usually 
the second fold that is most prominent. The inner lip also of the former, 
unlike that of the latter, is thickened along its whole length, and the shells 
throughout are a trifle more massive than those of Admete usually are. 

Position and locality—Strata of the Cretaceous period; North Fork of 
Virgin River, Utah. 


CLass CEPHALOPODA. 
Orver TETRABRANCHIATA. 
Famity BACULITID. 

GENUS BACULITES Lamarck, 1801. 
Baculites ovatus Say. 

Plate XIX, figs. 4 a, b, and ¢, and 5 a, b, and e. 

Among the collections made from Cretaceous strata at a locality south- 
east of Paria, Utah, there are several specimens of a species of Baculites. 
They are all small, slender shells, and in all observable respects they agree 
with young examples of B. ovatus Say. 

It is, however, a noticeable fact that, although a considerable collection 
of different species of fossils were obtained at that locality, only these very 
small examples of Baculites were found among them. This fact suggests 
the possibility that these examples may be adult forms and specifically dif- 
ferent from B. ovatus. In want of further evidence upon this point, how- 
ever, I do not at present feel warranted in referring them to any other 


species. 
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Numerous examples of B. ovatus were also obtained from Gallinas 
Creek, New Mexico, some of which were quite large. A large proportion 
of these were typical forms of the species. A transverse section of one of 
these is shown in figure 4 a, Plate XIX. Many of the examples, associated 
with these typical ones, were, however, quite constant in having their sides 
more flattened than those of typical form, giving an outline of transverse 
section, such as is shown in figure 5b. The septa in all these last-named 
examples correspond so nearly with those of the typical forms of B. ovatus 
as described and figured by Hall and Meek that I am disposed to regard 
them as only a variety of that species. The plan of the septa in this variety 
is shown in figure 5 a, and still more clearly in figure 5 e. 


Famity SCAPHITIDA: 
GENUS SCAPHITES Parkinson, 1811. 
Scaphites Warreni Meek and Hayden. 
Plate XIX, fig. 3 a. 
Scaphites Warreni Meek and Hayden, 1860, Proc. Acad. Nat. Sci. Phila., 177. 


The collections contain a single specimen of this species from Creta- 
ceous strata three miles southwest of San Mateo, New Mexico, which, 
although too imperfect for detailed description, is satisfactorily identified by 
its visible external characters. 

The type-specimens of Meek and Hayden were obtained near the 
Black Hills, in Nebraska; the following being the substance of their descrip- 
tion :— 

“Shell small, transversely subovate, moderately compressed, rounded 
on the dorsum; volutions subcylindrical, increasing gradually in size; 
non-septate portion of the last turn slightly compressed laterally and deflected 
from the regular curve of the others so as to become nearly or quite discon- 
nected at the aperture. 

“Surface of the inner whorls ornamented by numerous small coste, 
which increase chiefly by implantation, and all cross the. dorsum very reg- 


ularly without arching; on the sides of the nonseptate outer chamber, 
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about every fourth or fifth costa is much more prominent and sharper than 
the others and extends quite across to the umbilical side, while those between 
die out or coalesce with the others at various distances. 

“Length, 1.45 inches; height, about 1.22 inches; breadth, 0.57 inch.” 


Famity AMMONITIDA. 
GrEnus AMMONITES Bruguiere, 1789. 


Ammonites Levianus White. 


Plate XIX, fig. 1 a and b. 


Shell moderately large, robust.; volutions four or more, increasing rap- 
idly in size, especially the outer one, so that the umbilicus is rather deep 
but yet showing all the volutions; each volution embracing between one- 
quarter and one-third of the width of each preceding one; transverse sec- 
tion of outer volution, between the nodes, oval-subquadrate ; surface, upon 
each side, marked by a row of moderately-elevated, transversely elongate 
nodes, situated about one-third of the distance from the umbilicus to the 
dorsum; and also by a row of very prominent nodes on each side of the 
dorsum. Each of these rows consist of the same number of nodes. The 
dorsal nodes diverge strongly, but are wholly embraced by each succeeding 
volution, and do not therefore appear in the umbilicus. Between these two 
rows of dorsal nodes, the dorsum is slightly convex and the outer surface of 
the shell appears to have been marked by a small median carina. Between 
these nodes and the umbilicus, the sides of the volution are broadly convex. 

A greater transverse elongation of the lateral nodes than exists on our 
example would make each continuous with its corresponding dorsal node, 
which would give to each lateral pair of nodes the character of a rib. It is 
not improbable that this modification may be found to exist in some ex- 
amples of the species. 

_Septa complex ; dorsal lobe and part of dorsal saddle unknown ; supe- 
rior lateral lobe moderately large, bifid; lateral saddle about as large as the 
lateral lobe, but not bifid; inferior lateral lobe small, narrow, not .bifid ; 
accessory lobes and saddles few and small; the borders of all the lobes and 


saddles more or less deeply notched or dentate. 
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Diameter of the only example in the collections, the larger part of the 
outer chamber being broken away, fourteen centimeters. 

Specific name given in honor of Dr. Oscar Loew. 

Position and locality—Strata of the Cretaceous period; Ojo de los 
Cuervas, New Mexico. 


Ammonites placenta Dekay var. intercalaris Meek and Hayden. 


Some more or less imperfect specimens of this species are contained 
among the collections from Gallinas Creek, New Mexico. A small portion 
only of the external surface is shown, but this contains in part the charac- 
teristics by which Meek and Hayden separate the variety intercalaris from 
the typical forms of the species as published by Dekay. It agrees with 
the variety above referred to also in being less compressed than the typical 
forms of A. placenta are. 


: Grnus BUCHICERAS Hyatt, 1875. 
Buchiceras Swallovi Shumard. 
Plate XX, fig. 1 a, b, and ec. 


Ammonites Swallovi Shumard, 1860, Trans. St. Louis Acad. Sci., i, 591. 


Shell moderately large, flattened-discoid; sides gently convex ; dorsum 
narrowly flattened, the flattened space bordered on each side by a row of 
more or less distinct nodes; volutions three or four, partially embracing; 
umbilicus broad, its outline not clearly defined, deep for so discoid a shell, 
although it has a shallow aspect because of its breadth and want of definite 
outline, and exhibiting a large part of each of the inner volutions; aper- 
ture subovate in outline, its longest diameter directed from the center of the 
shell, narrowest at the outer end, where it is truncated by the flattening of 
the dorsum ; sides of the volutions marked by prominent, somewhat flexuous, 
rounded costs, extending from the inner to the outer edge; the space 
between each two of these principal costae is occupied by one or two short 
ones which do not reach the umbilicus, but they end at the dorsum like the 
others; upon each costa, near its dorsal end, there is an obtuse node, which, 
together with the dorsal nodes before mentioned, constitute a double row 
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of nodes at each side of the dorsum. Saddles all broader, and simpler in 
outline than the lobes; none of the former being really digitate, and those 
near the ventral side of the volutions, especially the inner volutions, are 
nearly as simple in outline as they are in Ceratites. 

This shell presents some differences from the description by Dr. 
Shumard of 4. Swallovi, the principal of which is the absence of the nodes 
at the umbilical side of the volutions and of the distinct transverse ribs of 
the dorsum mentioned by him; but these are not regarded as essential 
specific characters. 

Full diameter of the shell, about eighteen centimeters; transverse 
diameter of the aperture, nearly five and a half centimeters; long diameter 
of the same, about eight and a half centimeters. 

Professor Hyatt writes me, after an examination of the specimen 
figured on Plate XX, that he regards it as a species of his genus Buchiceras, 
but that “it differs from B. Syriacum, the type of the genus, in having the 
larger lobes and cells more Ammonite-like.” 

Position and locality—Strata of the Cretaceous period; Glendale, Long 
Valley, Utah. 

Famiry TURRILITIDA. 
GreNnus HELICOCERAS @Orbigny, 1842. 
Helicoceras Pariense White. 
Plate XIX, fig. 2 a, b, ec, and d. 

Shell dextral; spire much depressed; whorls distinct, subcireular or 
very broadly oval in transverse section, increasing somewhat rapidly in 
size; surface marked by comparatively strong, rather abruptly-rounded 
annulations, which cross the whorls obliquely; annulations only slightly 
prominent upon the inner side of the whorls, but more prominent upon the 
upper and under sides; upon the outer side of the whorl each annulation 
bears a pair of prominent nodes, one on each side of the siphuncle, forming 
two dorsal rows of nodes along the whole length of the shell, the portion 
of the annulation between each pair of nodes being straightened and 


slightly flattened upon the beak. The annulations are apparently always 
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simple, never coalescing, and never failing to completely encircle the volu- 
tion. The nodes are moderately prominent upon exfoliated specimens, and 
where the test is preserved they are seen to be subspinous or sharply 
nodose. 

Septa moderately distant, sometimes embracing two annulations, but 
toward the aperture only one. Lobes all smaller than the saddles, the size 
in each transverse series gradually diminishing from the dorsal to the ven- 
tral one; the smallest saddle, the ventral, not being larger than the largest 
lobe, the dorsal; lobes all bifurcate, except the ventral, the inferior lateral 
lobe being but slightly so; the anterior portion of the space between the 
branches of the dorsal lobe occupied by two backward-projecting points; 
the ventral lobe is simple, small, narrow, and serrate upon both sides. The 
saddles of the different longitudinal series all similar in shape, diminishing 
gradually in size from the dorsal to the ventral series; all broader than long, 
except the ventral one, the length and breadth of which are about equal; 
each partially parted at the middle; edges of all the lobes and saddles ser- 
rated or toothed. 

The longest fragment in the collection measures about seven centi- 
meters. At the larger end of this the long diameter is fifteen millimeters 
and the short diameter fourteen millimeters; at the smaller end the long 
diameter is eight and a half millimeters. 

This species is similar in aspect to H. Mortoni Hall and Meek, but: dif- 
fers from it in diminishing in caliber much more rapidly toward the apex, 
in the presence of a double series of nodes along the dorsum of the volu- 
tions, and in the proportions and details of its lobes and saddles. 

Position and locality—Cretaceous strata; southeast of Paria, Utah. 


«ss 
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ARTICULATA. 


CLASS VERMES. 
Orper TUBICOLA. 
Famity SERPULIDA. 


GENUS SERPULA Linneus, 1758. 


Serpula intrica White. 
Plate XV, fig. 5 a. 

Tubes small, slender, cylindrical, smooth, very long and very tortuous, 
not perceptibly increasing in size, so far as our examples show, but neither 
the distal nor proximal extremity of the tube has been found unbroken. 

Diameter of the tube, a little more than one millimeter. 

This species is remarkable for the great length and uniform size of the 
tubes, and for the intricacy of their contortions. 

Position and locality—Strata of the Cretaceous period; southeast of 
Paria, Utah. 
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CHAPTER X. 


CENOZOIC AGE. 
TERTIARY PERIOD. 


MOLLUSCA. 


CLass CONCHIFERA. 
Orver DIMYARIA. 
Famity UNIONIDA. 


Genus UNIO Retzius, 1788. 
Unio vetustus Meek. 
Plate XXII, fig. 12 a, }, ¢, and d. 
Unio vetustus Meek, 1860, Proc. Acad. Nat. Sci. Phila., 312. 
Unio priscus Meek, 1870, Geol. Surv. Wyoming & contiguous Territories, 298. 
Shell somewhat ebongate-ovate, some examples a little compressed, but 
vid shells usually somewhat gibbous; test moderately thick; beaks placed 
near the anterior extremity; anterior margin regularly rounded down to 
the basal margin, which is only slightly convex or a little straightened ; 
dorsal margin nearly straight or a little convex, and nearly parallel with the 
base; posterior margin obliquely sloping downward and backward from the 
dorsal margin, and abruptly rounded below to meet the basal margin. 
Surface of young shells marked by numerous small, undulating con- 
centric wrinkles, which cease to form as the shell increases in size, and are 
then seen only upon the beaks; surface of adult shells marked by the 
ordinary lines of growth; umbonal ridge rounded, not prominent; two 
somewhat sharply raised lines radiate from just behind the beak obliquely 
downward and backward upon the space between the umbonal ridge and 


the dorsal margin. 
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Cardinal tooth of right valve moderately strong, prominent, conical, 
curved slightly upward and forward; depressions upon each side of it 
shallow; cardinal teeth of left valve not very prominent, nearly vertical ; 
the pit between them for the reception of the tooth of the other valve rather 
deep; lateral teeth narrow, moderately prominent, very slightly curved ; 
anterior adductor scars deep, placed close before and a little below the 
cardinal teeth; anterior pedal scars so close together as to form a single 
depression, and placed immediately below the adductor sears. 

Some of the specimens in the collection are a little wider posteriorly 
than anteriorly, and some are also more gibbous than others, which differ- 
ences are thought to be sexual rather than varietal, since such sexual differ- 
ences of form are usual among living species of Unio. 

Length, sixty-seven millimeters; breadth, thirty-nine millimeters. These 
measurements are of examples that appear to be of medium adult size. 
Some fragments indicate that the species reaches a considerably larger size, 
and also that some of them had a greater proportionate length. 

Mr. Meek has expressed the opinion, (Geological Survey of Wyoming 
and contiguous Territories, p. 298,) that this species is identical with U. 
priscus Meek and Hayden, but a still later development of facts leads me to 
think the strata from which the two forms respectively come, belong to 
different periods. Therefore I prefer to retain separate names for the two 
forms at present, although they are so similar. 

Position and locality —Strata probably of Kocene Tertiary age; Wales, 
Utah. 

Famity CYRENIDA. 
Genus CYRENA Lamarck, 1818. 
SuBGENUS VELORITINA Meck, 1872. 
Cyrena (Veloritina) Durkeei Meek. 
Plate XXI, fig. 13 a and b. 


Cyrena (Corbicula) Durkeet Meek, 1870, Proc. Amer. Philo. Soe. Phila., xi, 431. 
Corbicula (Veloritina) Durkeei Meek, 1871, Geol. Surv. Montana and adjacent Terri- 
tories, 376, 
Cyrena (Veloritina) Durkeei Meek, 1874 (manuscript). 
Shell rather large for one of the genus, subtrihedral in outline, gibbous, 


especially the upper median portion; posterior and postero-ventral portions 
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somewhat compressed laterally; front margin abruptly and basal margin 
broadly rounded; posterior side sloping downward and backward to the 
postero-basal margin, where it is narrowly rounded to meet the basal margin ; 
beaks elevated, pointed, curving inward and forward, and nearly meeting 
each other across the hinge. The dorsal margin of each valve behind the 
beak is bent more or less deeply and sharply inward and downward, form- 
ing a prominent curved umbonal ridge, which extends from the beak to 
the postero-basal border, and completely obscures the line of union of the 
two valves along the postero-superior margin, as the shell is viewed laterally. 
This last-named character is a marked feature of the shell, and gives the 
appearance of unusual elevation to the umbonal ridges. 

Surface marked by distinct, concentric lines of growth. 

Length from front to postero-basal margin, forty-nine millimeters ; 
height, from base to top of umbo, forty-two millimeters. 

Position and locality—Strata probably of Eocene Tertiary age; plateau 
near the west crossing of the north fork of Virgin River, at Pace’s Cation, 
and at the north fork of Virgin River, Utah. 


GENUS SPHAiRIUM Scopoli, 1777. 


(?). 


Spherium 


Among the collections made from Tertiary strata west of Fairview, 
Utah, are some specimens of Spherium that appear to belong to S. formosum 
Meek and Hayden, the type-specimens of which species were obtained from 
Tertiary strata near Fort Union, Nebraska. They are, however, too imper- 
fect, and the specific characters too inconspicuous to allow their identity to 


be recognized with certainty. 
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CLASSGASTEROPODA. 


Susctass PULMONIFERA. 
Orper PULMONATA. 


SUBORDER BASOMMATOPHORA 


Famity LIMNAIDA. 
GENus PLANORBIS Guettard, 1756. 


Planorbis Utahensis Meek. 
Plate XXI, fig. 3 a. 
Planorbis Utahensis Meek, 1860, Proc. Acad. Nat. Sci. Phila., 314. 

Shell moderately large, discoidal, compressed, slightly convex above ; 
test thin; the first two or three volutions often depressed a little below the 
general surface of the outer ones, making the top slightly concave at center ; 
umbilicus broad, not very deep, showing all the inner volutions plainly; 
volutions from four to five and a half, rather slender, wider than high, sub- 
elliptical in transverse section, convexity of the upper side slightly less than 
that of the lower side; upper side of the outer volution slightly sloping 
outward and downward to the periphery, which is somewhat narrowly 
rounded; suture distinct, but not very deep above, deeper and more distinct 
below; a small part of each volution concealed by the next succeeding 
one; aperture suboval, slightly expanded laterally. 

Surface marked by small oblique lines and occasional small wrinkles 
of growth. These lines extend cbliquely outward and backward, the margin 
of the aperture also having the same direction. 

Greatest breadth of the largest specimen in the collection, twenty-four 
millimeters. Mr. Meek’s type-specimens were obtained from Tertiary strata, 
which he was disposed to regard as Eocene, in the valley of Ham’s Fork, 
latitude, 41° 40’ north; longitude, 110° 10’ west. 

Position and locality—Strata'of Tertiary age; east slope of Pine Mount- 
ain and at Castle Valley, Utah. 

14 F 
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Planorbis 


From strata, probably of Eocene Tertiary age, at the head of Soldier’s 
Fork, Utah, some specimens of dark carbonaceous shale were obtained, con- 
taining Unio vetustus Meek, and which are also crowded with shells of a 
small Planorbis. The shells are of nearly uniform size, averaging about 
three millimeters in diameter; slightly convex above, narrowly umbilicate 
below; volutions about three, broader than high, not angulated, marked 
by ordinary lines and small wrinkles of growth. They appear to be mature 
shells, but they present too few prominent specific characters to satisfy me 
of the present propriety of giving them a specific name. 


Faminry PHYSIDA. 
GENUS PHYSA Draparnaud, 1801. 
Physa Bridgerensis Mcek.? 
Plate XXT, fig. 2 a. 

Physa Bridgerensis Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 516, 

The collections contain a number of imperfect examples of a species of 
Physa, which seem to belong to P..Bridgerensis Meek, the type-specimens of 
which he obtained from Tertiary strata at Church Buttes, fourteen miles 
from Fort Bridger, Wyoming Territory. They, however, present some 
differences which may prove to be of specific importance. The following 
is the substance of Mr. Meek’s description, which I use because none of our 
specimens shows all the details mentioned by him with clearness, although 
they are sufficient for the identification of the species. The specimen 
figured, while it presents the surface-markings and the character of the spire 
with more clearness than any of the others, is not so large nor quite so ro- 
bust as most of the other examplesare. ‘Shell large, subovate; spire promi- 
nent, conical; volutions from four and a half to five, moderately convex; last 
one large, but not ventricose ; suture well defined ;. aperture narrow-sub- 
ovate, arcuate, acutely angular above, and about twice as long as the spire ; 
columella twisted into a rather prominent fold; surface with fine sharp 
lines of growth.” 


Position and locality—Strata of the Tertiary period; San Pete Valley, 
Utah. 


TERTIARY PERIOD. Pile 


Physa pleromatis White. 
Plate XXI, fig. 1 a and b. 

Shell large, ovoid, ventricose; test thin; spire short; whorls five or 
six, moderately convex, last one inflated; suture distinct, somewhat im- 
pressed ; aperture narrowly subovoid, slightly arcuate, its length nearly 
equal to three-fourths that of the shell; columella a little twisted, so as to 
produce a slightly prominent fold. Surface rather smooth, but marked by 
the usual lines of growth. 

Length, thirty-two millimeters; greatest breadth, twenty-two milli- 
meters. Some fragments indicate that the shell often reached a still greater 
size. 

This species differs from P. Bridgerensis Meek in its more robust form, 
shorter spire, more ventricose outer whorl, and in having the upper part of 
its aperture less acutely angular. It closely resembles the recent species 
P. Sayi Tappan, but the outer whorl of our shell is rather more ventricose 
and the aperture proportionally narrower, especially its anterior portion. 

Position and locality—Tertiary strata; Last Bluff, Utah. 


SUBORDER GEOPHILA. 


Famiry HELICIDA. 
GeNus HELIX Linneeus, 1758. 
Helix Leidyi Hall and Meek. 
Plate XXI, fig. 3 a, b, and e. 
Helix Leidyi Hall and Meek, 1856, Mem. Amer. Acad. Arts and Sci., v, new series, 394. 

Shell rather large, subglobose in form; spire moderately elevated ; 
volutions about six in mature shells, ventricose, especially the outer one ; 
suture distinct, that of the outer volutions more or less impressed; umbilicus 
small, probably nearly closed ; aperture oblique, broad-subovate in outline ; 
outer lip apparently reflexed; surface marked by very numerous uniform, 
distinct, closely-arranged lines of growth and also by occasional shallow 
wrinkles. 

Position and locality—The type-specimens of Hall and Meck were 
obtained from the Eocene Tertiary strata, near the head of Bear Creek, 
Mauvaises Terres, Nebraska. Ours were collected at Moo-se-ne-ah Peak 
and Pownsagunt Plateau, Utah. 
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Susciass DICECA. 
OrvER PECTINIBRANCHIATA. 


SUBORDER TASNIOGLOSSA. 


Famiry MELANIIDA. 
GENUS GONIOBASIS Lea, 1862. 
Goniobasis tenuicarinata Meek and Hayden. 
Plate XXI, fig. 10 a and b. 
Melania tenuicarinata Meek and Hayden, 1857, Proc. Acad. Nat. Sci. Phila., 136. 


Shell conical, turreted, moderately elongate; apex somewhat acute ; 
volutions six or seven, convex, but the upper portion of the outer side is a 
little flattened obliquely ; suture deeply impressed ; aperture ovoid, obtusely 
angular at the posterior part, where the outer lip joins the inner one; 
outer lip sinuous, somewhat prominent below the middle; columella slightly 
curved; surface marked by the usual regular lines of growth, and also 
along the middle of the volutions by elevated revolving lines, which vary 
in number and distinctness in different shells, but in all they are obsolete 
near the apex. The upper one of these lines is constantly more prominent 
than any of the-others, its prominence sometimes being sufficient to give a 
somewhat tabulated appearance to the upper part of the whorls; the next 
most prominent line is a little below the one just mentioned, and in some 
shells these two only are to be distinctly seen; in other shells the whole 
surface below these two is marked by other similar but a little less distinet 
revolving lines. 

Length of the largest example in the collection, sixteen millimeters ; 
breadth of body-whorl of the same, nearly eight millimeters. 

Position and locality.—Strata of Tertiary age; Wales, Utah. 


Goniobasis tenera Hall, sp. 
Plate XXI, fig. 11 a, b, and e, 
Cerithium tenerum Hall, 1845, Expl. Exp. Oregon and Northern California, 308. 
Shell turreted, very slender; volutions about twelve, moderately con- 
vex, longitudinally plicate; suture impressed ; aperture suboval, considera- 


bly extended forward; columella curved ; outer lip thin. 
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The longitudinal plications vary somewhat in character and distinct- 
ness in different shells and also in different parts of the same shell; they 
are smaller and more numerous upon the small volutions, and become large, 
distant, and prominent on the larger ones; all are curved a little outward 
and forward, none having the exact direction of the axis. 

The surface of the shell is marked by numerous small, raised, revoly- 
ing lines, which are more prominent, and sometimes even slightly spinous, 
where they cross the longitudinal plications. 

Length of the largest specimen in the collection, thirty-two millime- 
ters; breadth of the last volution, nine millimeters. 

This shell closely resembles the figure given by Hall of G. tenera 
(=Cerithium tenerum Hall, Expl. Exp. Oregon and Northern California, 308), 
and is, not without some hesitation, referred to that species. There is, 
however, great variation among the related forms of this genus, as found in 
the Tertiary rocks of that part of the country, and satisfactory specific dis- 
crimination is often impracticable. 

Position and locality—Strata probably of Eocene Tertiary age ; head 
of Soldier’s Fork, Utah. 


* Goniobasis Nebrascensis Meek and Hayden. 
Plate XXI, fig. 9 a, b, and ec. 


Goniobasis Nebrascensis Meek and Hayden, 1856, Proc. Acad. Nat. Sci. Phila., 124. 


Shell pointed-subovate, elongate ; spire moderately elevated, conical ; 
volutions five to seven, depressed-convex ; suture distinct, impressed ; aper- 
ture subovate, narrow behind, abruptly rounded in front; outer lip sinuous, 
somewhat prominent toward the front; columella curved. 

Surface marked by the usual fine lines of growth, and also by a number 
of more or less distinctly raised revolving lines, which are more distinct 


Co) 


upon the middle of the volutions than elsewhere ; one line about the middle 
of the volution is usually a little more prominent than any of the others, 
which gives it an angulated or subearinate appearance. 


Length of the largest example in the collection, seventeen millimeters ; 


somewhat that of Lioplacodes ; but, so far as I have been able to observe, the aperture is much more 
nearly like that of the former genus than the latter. 


214 TERTIARY PERIOD. 


breadth of body-volution, nine millimeters; apical angle varying from forty 
to forty-five degrees. 

Position and locality—The type-specimens of Meek and Hayden were 
obtained from Tertiary strata, near Fort Union. Ours are from strata of the 
same period, Wales, Utah. 


Famity VIVIPARIDA. 
Gents VIVIPARUS Montfort, 1810. 
Viviparus trochiformis Meek and Hayden. 
Plate XXI, fig. 4 a, b, and e. 
Paludina trochiformis Meek and Hayden, 1856, Proce. Acad, Nat. Sei. Phila., 122. 
Viviparus trochiformis Meek, 1872, Geol. Surv. Montana, Idaho, Wyoming, and Utah, 
478. 

Shell trochiform ; spire somewhat broadly conical; apex acute; volu- 
tions five or six, moderately convex, marked by a greater or less number of 
slightly raised revolving lines; the last volution angular or abruptly 
rounded below the middle; suture linear, usually indistinct, especially 
between the larger volutions, but rather more distinct between those near 
the apex ; aperture subcircular or subtetrahedral; lip thin, reflexed against 
the columella in front, by which a small umbilical suture or groove is pro- 
duced ; columella arcuate. 

This species presents considerable variation in form and appearance, 
and also in the character of the revolving lines ; upon some examples these 
lines are few and indistinct, especially upon the body-whorl, but upon 
others they are numerous, and sometimes one or two of them are found to 
assuine the character of small carine. 

Surface marked also by the ordinary lines of growth. 

Length, about twenty-three millimeters ; breadth of body-whorl, eight- 
een millimeters; apical angle, about seventy-five degrees, but the spire is 
a little convex-conical. 

Position and locahity—Strata of Tertiary age at the following localities 
in Utah: Last Bluff; Ephraim City; south of Last Bluff; east of Joe’s 
Valley; and at the head of Soldier's Fork. 

Viviparus trochiformis, var. 
Plate XI, fig. 5, a and b. 


o 
IB 


Associated with typical forms of V. trochiformis at a locality south of 
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Last Bluff, Utah, are some that differ considerably from them. They, how- 
ever, possess the general charactevistics of the species, and are, therefore, 
regarded as only varietal examples. One of these is figured as indicated 
above. It is more elongate, sutures more distinct, and the revolving lines 
more obscure than they usually are in typical examples. 

Length, twenty-two millimeters; breadth of body-whorl, fourteen 


millimeters. 
Viviparus ionicus White. 


Plate XXI, fig. 6 a and b. 


Shell of medium size, broadly trochiform ; spire moderately elevated ; 
volutions five or six, prominent; inner ones convex; outer one more or 
less flattened upon the upper side, forming thus a more or less distinct angle 
with the rounded outer side; under side broadly rounded; suture distinct. 

Surface marked by the usual lines of growth and apparently also by 
small raised revolving lines. Upon the outer volution below its middle 
there is a prominence made more or less conspicuous by the presence upon 
it of a revolving raised line. In some examples this prominence amounts 
almost to an angulation of the lower portion of the body-whorl. 

Length, about nineteen millimeters ; breadth of body-whorl, seventeen 
millimeters. 

The examples contained in the collections are all preserved in a fine- 
grained sandstone and the surface-markings are not distinctly shown; but 
its broadly turbinate form and the more or less distinctly tabulated character 
of the upper part of the body-whorl sufficiently distinguish the species. 

Position and locality—Strata probably of Tertiary age; east side of 
Joe’s. Valley, Utah. 


Viviparus ? ty 


Plate XXJ, fig. 7 a and b. 


Associated with the other species just described, at Wales, Utah, 
numerous examples of a small shell were obtained which are probably the 
young of a species of Viviparus or some nearly allied shell. They are 
possibly adult, but the features by which they might be specifically char- 
acterized are too indefinite to justify a specific description and name before 
the associated forms have all been carefully studied. 
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ARTICULATA. 
CLASS CRUSTACEA. 
Orper OSTRACODA. 
Famiry CYPRIDINIDA. 


GENUS CYPRIS Miiller, 1785. 
? 


Cypris 
At a locality west of Fairview and another at the head of Soldier’s 
Fork, Utah, associated with some of the foregoing species, the minute shells 
of a species of Cypris are very abundant. They are all compressed in shale 
and too much injured to allow of a satisfactory specific determination, but 
they are probably identical with Cypris Leidyi Evans and Shumard. The 
type-specimens of that species were obtained from the “ vicinity of Reno 
Creek, a tributary of Teton or Little Missouri, about ninety miles from 
Fort Pierre Chouteau.” 
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EXPLANATION OF PLATE I. 


- CRUZIANA kusTICA. (Page 33.) 


a. A large but imperfect specimen. 


b. A still smaller fragment, showing the manner of the breaking-up of the bodies before 
they became embedded. 


. CRUZIANA LINNARSSONI. (Page 32. 
to) 


a. Typical form of the species, showing stipe in place. 
b. Probably the same species as 2 a. 
c. Same as 2d, side view. 


. ACROTRETA ? sUBSIDUA. (Page 34.) 


a. Interior view of ventral valve, enlarged; details impaired by weathering. 
, f=) rf ? t=) 
b. Interior view of dorsal valve, enlarged; similarly impaired by weathering. 
ce. Profile view, showing the thickness of the shell and convexity of the valves. 
? > 
d. Internal cast of part of a dorsal valve, probably of the same species. 
Lus. (Page 36.) 
a. View of one valve, enlarged. 
b. Fragment of the same, magnified, to show character of surface-markings. 
tJ ? Do t=) 
HYOLITHES PRIMORDIALIS ?.. (Page 37. 
t=) 
a. View of flattened or dorsal side, a little enlarged. 
, t=] 
b. The same, lateral view. 
c. The same, view of ventral or couvex side. 
d. The same, outline of transverse section. 
e. Fragment of rock containing two specimens partly embedded. 


. TRACKS, PKOBABLY OF A SMALL CRUSTACEAN. (Page 49.) 


a. Natural size. 


b. The same, enlarged, showing each track te have been more than once impressed by organs of 
locomotion of similar shape and size. 
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EXPLANATION OF PLATE IL. 


ASAPHISCUS WHEELERI. (Page 43.) 
a. A full-sized individual, outlines restored. 
b. Young individual. 
c. Fragment, showing course of facial suture and characters of the glabella. 
d. Individual of medium size, showing thorax and pygidium complete. 
e. Separate thoracic segment, enlarged. 
Jf. Pygidium; crust of broad border partly removed, showing the character of the striation 
upon itS under surface. 
. CONOCORYPHE (Prycnoparta) Kinau. (Page 40.) 
a. Adult individual. 
b. Young individual, showing its greater proportionate size of head and length of cheek- 
spines. 
e. Another young individual, much enlarged, showing the faint lines passing from the front 
end of each eye to the glabella; movable cheeks separated at the facial sutures. 
. OLENELLUS GILBERTI. (Page 44.) 
a. Head, full size, broken outlines restored. 
b. Head, not full-grown. 
c. Head, young. 
d. Long third pleura, with remainder of thoracic segment restored. 
e. Pleura of another segment; missing parts restored. 
. OLENELLUS HOWELLI. (Page 47.) 
a. Head, full size, top view. 
b. The same, side view. 


5. AGNOSTUS INTERSTRICTUS. (Page 38.) 


a. Top view, much enlarged. 
b. The same, side view. 


yd. 


ay 


Primordial Peru 


ie 


RM. Marun 


“a 
Asus 
Fj 10 

Abbey "9 


Tia. 


Vic. 


Fia. 


lic. 


Fig. 


~ 


EXPLANATION OF PLATE III. 


. PuyiLoGrartus Lorinct. (Page 51.) 


a. Side view of stipe, natural size. 
b. Portion of same, enlarged, showing shape of cell-apertures. 


. LINGULA ? MANTICULA. (Page 52. 
Do 


a. Dorsal valve. 
b. Ventral valve. 
ACKOTRETA PYXIDICULA. (Page 53.) 
a. Exterior view of ventral valve. 
b. Posterior view of the same. 
c. Side view of the same. 
ad. Dorsal valve.—Al] very much enlarged. 


. STROPIHOMENA FONTINALIS. (Page 54.) 


* a. Dorsal valve. 
b. Ventral valve of another and smaller shell. 
c. Fragment of u, enlarged, showing bifurcation of stria and their fine crenulation. 


. ORTHOCERAS (CAMAROCERAS) COLON. (Page 56.) 


a, b, and c. Different lateral views. 

d. View of the convex side of a septum, showing shape, size, and position of the siphuncle. 
BELLEROPHON ALLEGORICUS. (Page 55.) 

a. Side view. 

b. Dorsal view. 

c. Posterior view. 


. LEPERDITIA BIvIA. (Page 58. 
t—] 


a. Left valve. 

b. Right valve. 

c. View of lower edge of left valve, showing the beveled border. 

d. View of lower edge of right valve, showing the position of the two pores. 


. DICELLOCEPMALUS? FLAGRICAUDUS. (Page 60.) 


a. Naturai size. 
b, The same, enlarged. 


. MEGALASPIS BELEMNURUS. (Page 59.) 
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EXPLANATION OF PLATE IV. 


. GRAPTOLITHUS QUADRIMUCRONATUS ?, (Page 65.) 


a. View of one side of a stipe, enlarged two diameters. 
b. Same, still more enlarged from gutta-percha impression, showing shape of the cells. 


. GRAPTOLITHUS (DiIPLOGRAPTUS) PRISTIS?. (Page 65.) 


a. Natural size. 
b. Same, enlarged. 


. GRATOLITHUS RAMULUS. (Page 62.) 


a. Natural size. 
b. Part of same, cnlarged. 


c. Another part of the same, enlarged from gutta-percha cast, the specimen being a natural 
mold in shale. 


. GRAPTOLITHUS (DIPLOGRAPTUS) HYPNIFORMIS. (Page 63.) 


a. Natural size. 
b. Same, enlarged. 


. MonticuLirora Dati. (Page 66.) 


a, Side view of stem, showing its broken end. 
FAVISTELLA STELLATA. (Page 67.) 

a. Top view, natural size. . 

b, Side view of cells, showing longitudinal striation of the walls. 
ingle cell, enlarged, showing rays. 


. Leprasna SERICEA?. (Page 70.) 


a. Interior view of dorsal valve. 


. STROPHOMENA FILLITEXTA. (Page 69.) 


a. Interior view of ventral valve. 


. ORTHIS BIFORATA var, LYNX. (Page 74.) 


a. Ventral valve. 
b. Another ventral valve, having hinge-line shorter, and mesial sinus deeper at front than 
usual. 

ORTHIS PLICATELLA?. (Page 72. 

a. Exterior of ventral valve. 

b. Interior of dorsal valve. 

ec. Interior of another dorsal valve, enlarged. 

d. Fragment, enlarged, showing concentric stria, 
ORTHIS OCCIDENTALIS. (Page 70.) 

a. Ventral valve, exterior view. 

bd. Dorsal valve, exterior view. 


2. RiYNCHONELLA ARGENTURBICA. (Page 75.) 


a. Dorsal view. 

b. Ventral view. 

ce. Side view. 

d. Front view. 

e. Fragment, enlarged, showing concentric, raised lines. 


3. RAPHISTOMA TROCHISCUS. (Page 77.) 


a. Top view. : 
b. Umbilical view. e 
ce. Side view. 
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EXPLANATION OF PLATE V. 


Fic. 1. ACTINOCRINUS VIATICUS. (Page 82.) 
Basal view; partly embedded in stone. 
Fig. 2. PLarycrinus ———?. (Page 81.) 
Side view; partly embedded in stone; the radial plates in part restored. 
Fig. 3. GRANATOCRINUS LOTOBLASTUS. (Page 80.) 
a. Side view, enlarged. 
b. Basal view of same. 
Tic. 4. FAVOSITES DIVERGENS. (Page 79.) 
a. Top view, showing form of the cells. 
F1G. 5, STROPHOMENA RHOMBOIDALIS. (Page 85.) 
Ventral valve, partially exfoliated. 
Fic. 6. PRopucTus PARVuS. (Page 83.) 
a. Front view of ventral valve. 
b, Side view of the same. 
Via. 


~) 


. SprrmeR (MARTINIA) PECULIARIS. (Page 90.) 
a. Ventral valve. 
b. Side view of the same. 
Fig. 8. SPIRIFER CENTRONATUS. (Page 86.) 
a. Dorsal view. 
b. Ventral view of the same. 
ce. Lateral view of the same. 
Fic. 9. SPIRIFER (SYRINGOTHYRIS) EXTENUATUS. (Page 88.) 
a. Ventral view. 
b. Dorsal view of the same. 
c. Front view of the same. 
d. Posterior view of the same. 
Fic. 10. Sprmirer sTRIATUS. (Page 88.) 
a. Exterior view of ventral valve. 
Fic. 11. SPIRIGERA MONTICOLA. (Page 91.) 
a. Dorsal view. 
b. Ventral view of the sane. 
ce. Lateral view of the same. 
d. Front view of the same. 
Fic. 12. SvrriGERA OBMAXIMA. (Page 92.) 
The part to the left of the oblique line has been restored by use of tragments of other 
examples. 
Fic, 13. EuoMpHALUs Luxus. (Page 94.) 
a. Top view. 
b. Lateral view of another example. 


yy a0 ALSWAAINTT 


Bt 49 
paves 


SIONI 


Fig. 


Tic. 


Fig. 


FiG. 


Fic. 


FIG. 


Fic. 


ils 


10s 


EXPLANATION OF PLATE VI. 


LITHOSTROTION WHITNEYI. (Page 103.) 
a. Mass of embedded corallites, natural size. 
b. Longitudinal section of a corallite, showing vesicles, tabula, and, in part, the columella. 
c. A similar section, made a little to one side of the columella, so that the tabula seem to be 
plain. 


. CHATETES MILLEPORACEUS. (Page 98.) 


a. Side view of broken specimen, showing capilliform tubes. 


. ZAPHRENTIS EXCENTRICA. (Page 101.) 


a. Side view, showing a part of the calyx, the greater part being broken away. 


. LOPHOPHYLLUM PROLIFERUM Var. SAURIDENS. (Page 101.) 


a, Side view of rather large example. 

b. Longitudinal section of the same, the calyx filled with stony material. 

ce. Transverse section of a corallum, just below the calyx. 

d. Broken example, showing the manner in which the outer portions separate from the 
columella. 

e. Typical example of L. proliferum from Springfield, Ill. 


. RHOMBOPORA LEPIDODENDROIDES. (Page 99.) 


a. Fragment of a corallum, natural size. 

b. Part of the same, enlarged. 

ec. Small part of the same, still more enlarged. 

d. Portions of silicified stems, having calcareous cores. 
FUSULINA CYLINDRICA. (Page 96.) 

a. Elongate form, natura] size. 

b. Subglobose form, natural size,a little broken at each end. 


- ARCHLEOCIDARIS ORNATUS. (Page 104.) 


a. Side view of one of the principal spines. 


. ARCH ALOCIDARIS TRUDIFER. (Page 104.) 


a, One of the principal spines, rather above average size. 
b. Interambulacral plate. 
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EXPLANATION OF PLATE VIL. 


I'1c. 1. PRopUCTUS PRATTENIANUS. (Page 113.) 
a. Ventral view of a large example. 
b. Side view of an average-sized example. 
c. Posterior view of the same. 
Fic,2. Propuctus punctatus. (Page 114.) 
a. Vertral view of a typical example from Iowa. 
b. Dorsal view of the same. < 
ce. Lateral view of an example distorted by pressure. 


Tic. 3. SYNOCLADIA BISERIALIS. (Page 107.) 
a. Portion from near the base of the polyzoary, natural size. 
b. Portion of another example, enlarged, showing pores (after Meek). 
¢. EnJarged view of a specimen split through all the cells, showing them to be larger below 
Z than they are at the apertures. 
Fic. 4. POLYPORA STRAGULA. (Page 108.) 
a. Fragment from near the base of the polyzoary, natural size. 
b. Portion of the same, enlarged, showing the pores. The rows of pores as shown in the figure 
are too distinct vertically, and not enough so obliquely. 
IG. 5. GLAUCONOME NEREIDIS. (Page 105.) 
a. Fragment of a polyzoary, a little enlarged. 
b. Part of the same, more enlarged. 
c. A portion, still more enlarged, showing the dimorphous pores. 
d. View of non-poriferous side, a little enlarged. 
e. Same, more enlarged. 
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EXPLANATION OF PLATE VIII. 


1. Propuctus SEMIRETICULATUS var. Ivrsit. (Page 111.) 


a. Ventral view of specimen of ordinary size. 

b. Lateral view of the same. 

c. Dorsal view of a typical example of P. semireticulatus from Southern Towa; introduced for 
comparison. 


2. Propuctus cosratus. (Page 109.) 


a. Ventral view of atypical example of the American form of this species. 
b. Dorsal view of the same. 

c. Ventral view of another exaniple. 

d. Lateral view of the same. 


3. Propuctus NEBRASCENSIS. (Page 116.) 


a. Typical example from Nebraska, ventral view. The spines are represented a little too 
coarse in the figures. 

b. Dorsal view of the same. 

c. Partially-exfoliated example from near Santa Ié. 

«d. Lateral view of the same. 


4. Propuctus MuricaTvs. (Page 120.) 


a. Ventral view of a partially-exfoliated example. 
b. Posterior view of the same. 
c. Lateral view of the same. 


5. PRoDUCTUS LONGISPINUS. (Page 118.) 


a. Ventral view of a typical form of the American shell. 
b. Dorsal view of the same. 

c. Ventral view of a variety from near Santa Fé. 

d. Dorsal view of the same. 


G. 6. Propuctus MExicanus. (Page 120.) 


a. Ventral view of a specimen from Nevada. c 
b. Lateral view of the same. 
c. Posterior view of the same. 


sionrvi a@ ALIS TY! 
Hi 40 
havea 


EXPLANATION OF PLATE IX. 


Fic. 1. RHYNCHONELLA ROCKYMONTANA. (Page 131.) 
a. Ventral valve, having only two plications in the sinus. 
b. Another ventral valve, having four plications in the sinus. 
c. Lateral view of another example. 
d. Front view of the same. 
Fic. 2. RiYNCHONELLA Uta. (Page 128.) 
a. Ventral view of a large example. 
b. Dorsal view of the same, partially restored. 
c. Lateral view of the same. 
Fic. 3. RHYNCHONELLA ? WASATCHENSIS. (Page 130.) 
a. Ventral view of an example from the Wasatch range. 
b. Dorsal view of the same. 
ce. Lateral view of the same. 
d. Front view of the same. 


Fic. 4. MEEKELLA STRIATOCOSTATA. (Page 126.) 
a. Ventral view of a globose form from Southern Iowa. 
b. Front view of the same. Convergence of striw near the margins of the valves imperfectly 
shown in the figure. 2 
ec. Lateral view of the same. 
d. Ventral view of expanded variety. 
e. Posterior view of the same. 


Fic. 5. ORTHIS PECOsI. (Page 125.) 
a, Ventral view of an example a little above average size. 
b. Dorsal view of the same. 
c. Lateral view of the same. 
d. Posterior view of the same. 
e. Dorsal view of a smaller example. 
Fic. 6. CHONETES PLATYNOTA. (Page 121.) 
a. Ventral view of an averaged-sized example. 
b. Dorsal view of the same. 
c. Interior of a ventral valve, enlarged. 
d. Posterior view of areas, enlarged. 
e. Vertical section along the median line, enlarged. 
Fic. 7. CHONETES MESOLOBA. (Page 123.) 
a. Ventral view, enlarged. 
Fic, 8. CHONETES GRANULIFERA. (Page 122.) 
a. Ventral view; hinge-line less extended than usual. 
b. Ventral view of another example. 
c. Dorsal view of the same. 
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EXPLANATION OF PLATE X. 


Spier cameratus. “(Page 132.) 
a. Dorsal view of an example froin near Santa Ié. 
b. Similar view of another example from Northern Missouri. 
e. Ventral view of the-sa 


d. Lateral view of th: same. 
SPmirER (MARTINIA) GLABER var. CONTRACTUS. (Page 136.) 
a. Ventral view of an example, near average size. 
b. Dorsal view of the same. The specimen has been a little compressed. 
ec. Lateral view of a large example ; a little distorted by growth. 


SPrrIveR (MARTINIA) PLANOCONVEXUS. (Page 135.) 
a. Ventral view of a specimen, enlarged. 
b. Dorsal view of the same. 
ce, Lateral view of the same. : 


. SPIRIFERINA KeENTUCKENSIS. (Page 133.) 


a. Ventral view of a specimen, enlarged; one hinge-cxtremity naturally longer than the 
other. 

b. Posterior view of the same. 

c. Dorsal view of another example. 


- SPIRIGERA PLANOSULCATA. (Page 143.) 


a. Ventral view of average size of those contained in the cullections. 
b. Dorsal view of the same. 
c. Lateral view of the same. 
d. Dorsal view of another example. 
SPIRIGERA SUBTILITA. (Page 141.) 
a. Ventral view of an example of ordinary size and form. 
b. Dorsal view of an example proportionally shorter. 
c. Lateral view of the same. 
Retzi, MormMonit. (Page 141.) 
a. Ventral view of an example of ordinary size. 
b. Dorsal view of the same. 
c. Lateral view of the same. 


. SPIRIFERINA OCTOPLICATA. (Page 139.) 


a. Ventral view of.an example a little below average size. 
b. Ventral view of another exanple; test removed by exfoliation, 
c. Front view of the same. 
HeMIPRONITES CRINISTRIA. (Page 124.) 
a. Dorsal view of aun example somewhat compressed. 
tHYNCHONELLA METALLICA. (Page 129.) 
a. Ventral view, natural size. 
b. Dorsal view of the same. 
c. Lateral view of the same. 
d. Front view of the same. 4 
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EXPLANATION OF PLATE x. 


. AVICULOPECTEN COREYANUS. (Page 147.) 


a. Left valve, a natural cast; the test wanting. 
b. Left valve of similar character, somewhat distorted by pressure. 


. AVICULOPECTEN M’Coytr. (Page 149.) 


a. Left valve. The example is incomplete, but the full size of the ears is either shown or 
indicated. The free border should be extended about one-third more for ears of that 
size. 


. AVICULOPECTEN ? INTERLINEATUS. (Page 149.) 


a. Left valve. 
MoNOPTERIA Marran. (Page 151.) 
a. Right valve. Some examples show alittle greater proportionate elongation, and some have 
the median angle raised into a distinct carina. 
b, Front view, showing lunule. 
ec. Fragment of surface enlarged, showing strive of growth. 


. PINNA PERACUTA? (Page 151.) 


a. Dragment of the right valve. The outline shows the supposed shape of the whole valve 


. Scwizopus WHEELERI. (Page 154.) 


a. Right valve, of about ordinary size. Natural cast; the test wanting. 
b. Left valve, in a similar condition. i 


. BAKEVELLIA Parva. (Page 153.) 


a. Left valve, enlarged. From New Mexico. : 

b. Left valve, enlarged. From Arizona. Probably of the same species as the other. 
Myaina? Swattovi. (Page 152.) . 

a. Natural cast of left valve, natural size, 


. Sprrurer RockyMonTaNnus. (Page 134.) 


a. Ventral view of a specimen of ordinary size. 

b. Dorsal view of the same. 

c, Lateral view of the same. 

d. Dorsal view of another example, having plications a little more angular. 


Fic. 10. TEREBRATULA (DIELASMA) BOVIDENS. (Page 144.) 


a. Ventral view of more than usually elongate example. 
b. Dorsal yiew of the same. 
ce, Lateral view of the same. 


EXPLANATION OF PLATE XI. 


Tig. 1. Benninornon enassus. (Mage 157.) . 
a Dorso-literal view. 4 

1G. 2 Euomrnatus pemnovosus, (Page 153.) a F 
a. View of upper side. 
b. Umbilical view, showing the nodes. 

ia. 3. Macnocimnus ANauiirenus, (Page 160.) ‘ > 


a. A darge example, having the angle unusually prominent and distinet. 

b, Another view of the same, 

o A smaller example; the angle less distinet. 

d. Another example, with angle distinet. 

e. Young example, in which the angle is hardly perceptible. 

Jf. Another example, in which the flattened upper site of the auglo is very narrow. 
FG, 4, Navicorsis NANA. (Pago 159.) . 

a. Bxample from Nevada. 

b. Another view of the same, 
a. Pharyventas Noprascensy, (Page 159.) ; 

a, Anexample from the t{pieal locality in Nebraska, ' 

b, Another view of the same, 

¢. An oxample from near Santa i6, N. Mex, 

d. Another example, with angle distinet. 

« Another view of the same, 


Vig. & DexvaniumM GANNA, (Page 156.) . 
a. A large examplo; the outline showing the supposed ful rn, , 
b. A mold of part of the surface, showing the minute 1 nal striae, 
WG. 7. ALLOnIsMA SUBCUNTATA vir, (Pago 155.) Sindh 
a. Left valve, ” - = 
hb, Front view, 7 a) ¥ ‘ 
Pe. & AVICULOPECTEN OCCIDENTALIS. (Page 110.) : 
a. Left valve. 5-4 *; 


b. Right valve. ‘The specimen was imperfeet. ‘The fees at the shel shone ho at least one 
third larger for ears of the size represented in the figure, 
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EXPLANATION OF PLATE XIII. 


Fic. 1. Neririna? puasro.anis. (Page 167.) 
a. View of upper side of example of medium size. 
b. Lateral view of the same. 
c. View of the under side of the same. 
d. Small example, showing the smal fold against the spire. 
e. Large example, showing the aforenamed fold, and also the obtuse revolving angle. 
l'iG. 2. CAMPTONECTES STyGIus. (Page 164.) 
a. Adult example, right valve. 
b, Small example, interior of right valve. 
c. Same, enlarged. 
Fic. 3. OSTREA STRIGILICULA. (Page 163.) 
a. Exterior of the deeper valve, natural size, showing scar of attachment. 
b. Lateral view of the same. 
c. Inside view of the same, showing parts about the hinge. 
d. Interior view of the upper valve. 
Fic. 4. INOCERAMUS CRASSALATUS. (Page 166.) 
a. Right valve, the largest in the collections. 
b. Another example, right valve. 
c. Left valve, natural cast, showing the faint auricular furrow. 
Vic. 5. MyoPpHorta AMBILINEATA. (Page 166.) 
a. Right valve, natural size. 
b. The same, enlarged. 
Fic. 6. PENTACRINUS ASTERISCUS. (Page 162.) 
a, Articular face of a segment of the column. 
b. Portion of a column, showing the alternating larger and smaller segments. 


CRETACEOUS. 
Fic. 7. PINNA PETRINA. (Page 182.) 
a. Right valve, natural size. 
b. Transverse section of the shell a little behind the midlength. 
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EXPLANATION OF PLATE XIV. 


Fic. 1. EXOGYRA PONDEROSA. (Page 172.) 
a. Exterior view of the larger valve; less than average adult size. 


b. Interior view of the same. 
c. Longitudinal section of the same, showing thickness of test. 


Fic. 2. OSTREA PRUDENTIA. (Page 171.) 
a. Exterior view, natural size, of the lower or more capacious valve, showing very small scar 


of attachment. 
b. Exterior view of upper valve of the same, showing small prominent beak. 


e. Interior view of upper valve. 
d. Interior view of lower valve. 
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EXPLANATION OF PLATE XV. 


. INOCERAMUS DEFORMIS. (Page 179.) 


a. Exterior view of left valve, showing portion of the test. 
b. Section of the test of a large example, showing its prismatic structure and great thicken 
ing at the borders. 


. OSTREA CORTEX. (Page 170.) 


a. Exterior of upper valve. 
b. Interior of the same. 
c. Interior of lower valve, showing hinge and area. 


3. INOCERAMUS FRAGILIS. (Page 178.) 


a. Right valve. 


. LINGULA SUBSPATULA. (Page 169.) 


a. Dorsal valve. 


. SERPULAINTRICA. (Page 205.) 


a. Example, twice enlarged, showing unusual contortion. 
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EXPLANATION OF PLATE 


Tig. 1. INOCERAMUS FLACCIDUS. (Page 172.) 
a. Left valve, natural size, but some examples are larger, 
b. Interior view of beak and hinge, right valve. 

Vic 2. INOCERAMUS DIMIDIUS. (Page 181.) 
a. Left valve, ordinary natural size. 


b. Right valve. Part of the shell without concentric folds. 


c. Front view, showing convexity of both valves. 

d. Left valve, showing unusually small concentric folds. 
Vic. 3. INOCERAMUS PROBLEMATICUS. (Page 177.) 

a. Left valve. 
Tic. 4. INOCERAMUS BARABINI. (Page 180.) ° 

a, Left valve. 
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EXPLANATION OF PLATE XVII. 


Pic. 1. Grypnea Prrenert var. (Page 171.) 
a. Interior view of the convex or lower valve. 
b. Exterior view of the same. 
c. Lateral view of the same, showing the curvature. 
d. Less elongate example of a convex valve. 
e. Exterior of upper or flat valve. 
Jf. Interior of the same. 
Fic. 2. EXOGYRA LEVIUSCULA. (Page 173.) 
a. Lateral view of a moderately large example. 
b. Inner view of a smaller example. 
c. Lateral view of the same. 
d. External view of the same. 
Fic. 3. EXOGYRA COSTATA var. FLUMINIS. (Page 174.) 
a. Lateral view of the largest example in the collection. 
b. Dorsal view of the same. 
c. View of the flat valve connected with the deep one. 
d. Exterior view of small example. 
Fic. 4. Lima WaACOENSIS. (Page 176.) 
a. Right valve, natural size. 
b. Left valve of another example. 
ce. Lateral view of the same, showing its convexity. 
IG. 5. CAMPTONECTES PLATESSA. (Page 176.) 
a. Right valve. The surface-markings mostly removed, ard the radiating strie a little too 
strong in the figure. 
ic. 6. Macrra? rxcompta. (Page 185.) 
a. Right valve, enlarged one-half. 
b. Dorsal view of the same exainple. 
Fic. 7. CORBULA NEMATOPHORA. (Page 188. 
a. Right valve, external view, enlarged. 
b. Lett valve, external view, enlarged. 
ec. Right valve, interior view, showing hinge. 


EXPLANATION OF PLATE XVIII. 


lic. 1. Casstopr WHITFIELDI. (Page 195.) 
«a. Lateral view, showing the umbilicus. 
IG. 2. LIsPODESTHES LINGULIFERA. (Page 192.) 
a. Specimen enlarged ; callus and test mostly exfoliated. This, however, shows the volutions 
of the spire and the posterior canal, which would otherwise be hidden. 
b. Outhne of the same, natural size. 
lic. 3. LISPODESTHES NUPTIALIS. (Page 192.) 
a. Specimen, natural size; test partially exfoliated. 
b. Same, enlarged. 
Itc. 4. ANCHURA? FUSIFORMIS. (Page 190.) 
a. Natural size; test mostly removed by exfoliation. 
1G. 5. ADMETOPSIS GREGARIA. (Page 198.) 
a. Natural size, showing aperture and folds of the columella. 
>. Another example, enlarged. 
iG. 6. EULIMELLA FUNICULA. (Pago 197.) 
a. Specimen, a little enlarged, showing aperture and straight columella. 
NERITINA (VELATELLA) CARDITOIDES. (Page 189.) 
a. View of upper side, natural size. 
b. Lateral view of the same. 
e. View of under side of the same, showing the broad inner lip. 
lic. 8. ANISOMYON CENTRALE. (Page 194.) 
a. Upper view of natural cast of the interior ; summit broken off. 
b. Lateral view of the same. The specimen has been somewhat compressed vertically. 
IG. 9. ANISOMYON BOREALIS. (Page 193.) 
a. Summit view. 
b. Lateral view of the same. 
IG. 10. TURBONILLA (CHEMNITZIA) MELANOPSIS?. (Page 197.) 
a. Portion of the spire of an imperfect example. 


hic. 11. Turrretna Uvasana. (Page 195.) 
a, Exaniple of ordinary size, broken at both ends. a 


b. Portion of the surface of the last volution of the same. 
ig. 12. Lucina subuNbDaATA. (Page 184.) 
a. Right valve. 
IG. 13. IDONEARCA DEPRESSA. (Page 183.) 
a. Right valve. 
b. Dorsal view of the same example. 
Pig. 1d. Lerorisrina (Pstromya) Meek. (Page 186 ) 
. Natural cast of right valve. 
». Right valve, showing part of the fine surface-markings. 
Lett valve. 
Front view of a. 
IG. 15. Letoprsru, (CYMELLA) UNDATA. (Page 127.) 
1. View of left valve. 
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EXPLANATION OF PLATE XIX. 


. Ammonrres Lazvianus. (Page 201.) 


a. Side view, the outer chamber partly broken away. 
b. Portion of the plan of a septum. 


. HELICOCERAS PARIENSE. (Page 203.) 


a. Upper view of part of one volution. 
b. Dorsal view of part of the same, showing double row of nodes. 
c. Transveree section of the latter through the nodes. 
d. A similar section made between the nodes. 
ScapHires WaARRENI. (Page 200.) 
a. Imperfect example, showing only part of the last turn. 


. BAcuLITEs OvaTus. (Page 199.) 


a. Outline of transverse section of outer chamber, near the last septum. 
b. Small example from near Paria, Utah. 
ce. Transverse section of the same. 


. BACuLITES OVATUS var. (Page 200.) 


a. Fragment of the chambered portion. 
b. Transverse section of the same example, about midlength. 
c. Plan of one of the septa. 
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EXPLANATION OF PLATE XX. 


I'ig. L. Bucurtceras Swattovi. (Page 202.) 
a. Side view, full size, except that about one-half of the outer chamber has been broken 
away. 
b. Front view of the same. 
ec. Plan of septum. 
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EXPLANATION OF PLATE XXI. 


.1, Puysa PLEROMATIS. (Page 211.) 
a. Example from Utah. 
b. Another view of the same. a 
Puysa BRIDGERENSIS. (Page 210.) 
a. An example rather less robust than the typical forms. 
3. Hetrx Lripyi. (Page 211.) 
a. A natural cast, the test being entirely removed. 
b. Another view of the same. 
c. An example showing the surface-markings of the test. 
4. VIVIPARUS TROCHIFORMIS. (Page 214.) 
a. Typical form; a medium-sized example. 
b. Another example. 
c. Another, showing the apex quite complete. 
5. VivIPARUS TROCHIFORMIS var. (Page 215.) 
a. Medium-sized example, showing aperture. 
b. Opposite view of the same. 
6. VIvIPaRUs IoNIcus. (Page 215.) 
a. Upper view of rather small example. 
b. Side view of the same. 
7. VIVIPARUS ? % (Page 215.) 
a. Side view of example of ordinary size, enlarged. 
b. Opposite view of the same. 
5. PLANORBIS UTAHENSIS. (Page 209.) 
a. Upper view of specimen, adult size. 
9. GONIOBASIS NEBRASCENSIS. (Page 213.) 
a. Example with revolving lines more than usually distinct. 
b. Another example, differently and more faintly lined. 
¢. Another, still differently lined.—All natural size. 
10. GONIOBASIS TENUICARINATA. (Page 212.) 
a. Example with two carinw. Also showing nearly full form of aperture. 
b. Another with caring more than usually distinct and numerous. 
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11. GONIOBASIS TENERA. (Page 212.) 
a. A complete example, rather less than average size. 
b. Another similar example, opposite view. 
c. Another example, full average size. 
12. UNIO VETUSTUS. (Page 206.) 
a. Left valve. 
b. Interior, right valve. 
ce. Interior, left valve. 
d. Dorsal view of a partiully-crushed example. . 
13. CyRENA (VELORITINA) DURKEEI. (Page 207.) 
a. Left valve, ordinary size. 
b. Hinge of right valve. 
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Po EK Or TRANSMIS S10 MN. 


PHILADELPHIA, Jame 10, 1876. 

Sir: I send herewith the report on the extinct Vertebrata obtained 
in New Mexico by the United States Geographical Surveys West of 
the One Hundredth Meridian, under your direction, during the sea- 
son of 1874. By means of the provision which you placed at my dis- 
posal while acting in the field as paleontologist, I was enabled to procure 
the results which are here set forth. I present you with a brief synopsis 
of these, which may be included under two heads: stratigraphical and 
paleontological. 

OF stratigraphical results, ] may mention three: first, the elucidation 
of the structure of the western slope of the Rocky Mountains and the 
plateau to the westward of them, in Northwestern New Mexico; secondly, 
the determination of the fresh-water character of the “Triassic” beds in 
that region; thirdly, the discovery of extensive deposits of the Lower 
Eocene, equivalent to the Suessonien of Western Europe. 

The paleontological results are numerous. They are included in the 
determination of the faunee of four periods, in basins which had not pre- 
viously been explored, viz: in the Trias, the Eocene, the Loup Fork epoch, 
and the Postpliocene of the Sandia Mountains. The first vertebrate fossils 
ever determined from the Trias of the Rocky Mountains are included in 
the report. The first discovered were obtained by Professor Newberry 
while attached to Captain Macomb’s expedition, and are now described for 
the first time. The determination of the ages of the respective horizons 


necessarily follows the first determination of the fossils. 


lv LETTER OF TRANSMISSION. 


An especial advantage enjoyed in the preparation of this report con- 
sists in the fact that the author obtained the fossils himself, and is thus 
familiar with their local relations. This is a point of much importance, 
since the fragmentary condition in which the skeletons of extinct vertebrata 
are usually found, furnishes opportunities for error or doubt which greatly 
curtail the value of the work. In the present instance, the author has 
admitted no correlation of fragments without the clearest evidence, and, 
where any uncertainty exists, has stated it. 

The number of species of extinct vertebrata obtained during the sea- 
son of 1874 may be enumerated as follows: 


F TriassiG 2: sco 5s5 bees shee sas See 2 eee ees aia eerste 4 
Greta ceousyss.c.) ace aici ie ces ee eee ties 13 
WOCeNOAs o24-oeea cen ete ee ye oe es Garcon Noe irs erena a eee 87 
Upper Miocene (Loup Fork) ......-.--- Se She ms) 
Postpliocene a: 2. 550s ance sess seis en os oeteeeiee ie Zee Oe 
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I desire to return my acknowledgments for the many courtesies which 
I have experienced, during my connection with the Survey, from yourself 
and from all of its officers; and also to the following gentlemen, to whom I 
am under obligations for assistance of various kinds: General August 
Kautz, in command at Fort Garland, Colorado; Lieutenants Blair and 
Delany and Drs. Moffatt and Collins, of the same post; also to General 
Gregg, in command of the District of New Mexico. 


I am, with much. respect, 
Kk. D. Cope. 
First Lieut. Georce M. WHEELER, 
Corps of Engineers, U. S. A., in Charge. 
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FOSSILS OF THE MESOZOIC PERIODS, WITH A SKETCH OF 
THE GEOLOGY OF THE MESOZOIC AND TERTIARY 
BEDS OF NORTHERN NEW MEXICO. 


The remains of vertebrate animals described in the following pages 
were derived from five horizons, two of which are Mesozoic and three Ter- 
tiary. Of these, the former are the supposed Trias, and the Cretaceous of 
the Niobrara group, or No. 3; the latter are the Lower or Wahsatch Eocene, 
the Loup Fork beds of the Rio Grande Valley, and the Placita marls of 
“‘Postpliocene” age. 

As preliminary to the description of the fossils, a general account of 
the positions and relations of these beds is given* in the order of age. The 
fossils of the Trias are few, and were obtained on the western side of the 
Gallinas Mountains. Those from Cretaceous beds were mosily obtained 
from outcrops along the eastern base of the Rocky Mountains in Colorado. 


1.—THE MESOZOIC BEDS Ol THE WESTERN SLOPE OF THE SIERRA MADRE. 


The close of Chapter II of my preliminary report to you (see Annual 
Report Chief of Engineers, 1875, p. 988) describes the first appearance of the 
variegated red and yellow beds of Mesozoic age, as the exploration was carried 
from the valley of the Rio Grande to the dividing axis of the Sierra Madre. 
As these strata rise, forming large hills on the north side of the Rio Chama, 


*See Annual Report of the Chief of Engineers, 1875, II, p. 981, for my account 
of the geology of Northwestern New Mexico. 
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the road, rising less rapidly, passes over lower horizons, finally reaching a bed 
of hard, light, and rather coarse sandstone. At this point, the route turns to 
the northward, leaving the river, and climbs a low, long hill, whose surface is 
sandstone without soil. A few miles beyond, the summit is reached, and is 
found to present a sage-brush plain, many miles in extent, which is bor- 
dered by hills of remarkable beauty. To the south, the canon of the Chama, 
with the Abiquiu Peak and other mountains beyond it, bound the plain; 
while, to the east and north, the brilliantly-colored strata above described 
form a perpendicular wall of about five hundred feet elevation. The upper 
third or more of this precipice is of a lemon-yellow, the remaining and 
lower portion of a sub-vermilion-red, forming a beautiful combination. The 
rock is fissured by ravines, and the intervening portions rise as huge but- 
tresses of varied proportions, sometimes especially prominent near the sum- 
mits, often forming regular bastions. Near the base, certain bluish strata 
form naked mounds and hills of bad-land character; but I failed to discover 
any fossils on them. The southern face of this wall presents a tremendous 
fissure, the “‘puerta” of the Cation Cangilon. Our route laid through this 
defile for many miles, and we thus obtained an excellent section of the 
higher level of the region. 

The yellow beds above mentioned were described at the close of Chap- 
ter III (of Ann. Rept.) as being overlaid with a shale, and this again by an 
arenaceous conglomerate. These formations increase in thickness north- 
ward, and near the mouth of the Cafion Cangilon a bed of fractured gypsum 
appears above the shale; the former soon becoming 25 feet in thickness, the 
latter only 3 feet. Along the sides of the southern part of the canon, the 
gypsum forms a snow-white bed of 50 feet in thickness, overlying the walls 
of yellow and red, and its borders are cut into fissures by the atmospheric 
erosion. From these points, the stain produced by the dissolved gypsum 
forms stripes or fan-shaped shades of a beautiful mauve tint, which gives 
these rocky walls the appearance of a changeable silk; the mauve repre- 
senting the shadows, and the red and yellow the lights. Altogether, the 
picturesque forms, brilliant hues, and regular cleavage of the precipices 
which for miles bound this cafon, form a scene of unusual beauty. The 


beds soon present a northwest dip. The gypsum descends from its elevated 
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position, and a mud-brown sandstone appears on the summit of the walls. 
Six or seven miles beyond the mouth of the canon, the gypsum bed is at 
the level of its bottom, forming low, rounded hills at the base of the sand- 
stone cliffs, which rise to a height of 700 feet. From this point, the bottom 
of the canon slowly rises between the sandstone walls, which, continuing 
their northwest dip, add perhaps 150 feet of thickness before the road 
reaches their summit-level. The road issues from the canon on to an 
elevated country, which is covered with more grass than the regions pre- 
viously traversed, with large patches of sage-brush. A short distance from 
this point, a line of low hills runs parallel to the direction of travel, with a 
northwest and southeast strike. They support groves of pinones, and 
examination showed that they form the outcrop of the bed of Cretaceous 
No. 2, and doubtless rest immediately on the sandstone below. They con- 
sist of lead-colored shales, which whiten on exposure, and contain Jnocera- 
mus and Ostrea in abundance. 

Having determined this horizon, I recur to those previously described 
with the view of identifying them with a known standard of comparison 
viz: Doctor Hayden's section at Colorado Springs. ‘The resemblance is at 
once seen to amount to an identity. The sandstone of the northern half 
of the Canon Cangilon is the Cretaceous No.1; thickness, 800 feet. Below 
it, the gypsum is that usually referred to the Jurassic, 50 feet, and doubtless 
inseparable from the brilliantly-colored beds below (400 feet), which 
are stated by Hayden to be Jurassic beds. The hard sandstone underlying 
these is the upper member of the beds that correspond to the Trias of the 
Colorado section. Their thickness on the Chama was not determined. The 
feature of this section is the increased thickness of the beds of the Jurassic 
and Cretaceous No. 1. 

Continuing the route, we reach a second line of low hills of yellowish, 
soft sandstone with Ostrea, probably Cretaceous No. 38, and then descend 
into the shallow valley of Nutria Creek. From this point, the level of the 
country rises to Tierra Amarilla, which was determined by the topographers 
to stand 7,480 feet above the sea. To the south and east of this town, high 
hills of yellowish sandstone present escarpments to the north, which are 


apparently Cretaceous No. 3, and contain numerous Inocerami. The Rio 
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Chama flows two miles west of the town, in a south by west course, through 
a bed cut in the dark lead-colored shales of Cretaceous No.2. Eight miles 
northeast, an enormous vertical mass of rock rises abruptly 1,274 feet above 
the stream below its base, and is continued to the north and west in a less 
precipitous mountain-flank. This mass of rock is a land-mark over a great 
extent of country; it is cleft to the base by the canon of the Brazos Creek, 
one of the heads of the Chama. I took occasion on my return to traverse 
this upthrust, taking the trail which leads from Tierra Amarilla across the 
mountain-axis, of which it is the western border, to Conejos, on the edge of 
the Rio Grande Valley. 

The road follows the course of the Brazos River, and for some distance 
the Cretaceous beds are in sight and nearly horizontal. Near the precipice 
above mentioned, these are lifted into high hills at an angle of 70° and 80°. 
On the north side of the river, sandstones of No. 1 rise with a similar dip, 
forming the foot-hills of the mountain, which rises perpendicularly to 1,500 
feet. This mass is largely composed of a dense breccia of quartzite frag- 
ments, closely cemented into a uniform rock of a general pink color, and 
not variegated. Its characteristics and position refer it with probability to 
the Trias; but I could not detect any indication of the Jurassic beds 
between it and Cretaceous No. 1. After reaching the summit, we traversed 
the upturned edges of the formation, which have a strike varying from north- 
west and southeast to north and south. The elevated region now traversed 
by the trail is perhaps thirty miles in width, and is worn into rounded hills. 
The highest point indicated by the barometer is 10,400 feet. On the upper 
waters of the San Antonio Creek, high hills come into view, which have 
flat tops composed of a bed of trachyte, and their sides are often covered 
with pink and purple fragments of this rock. Within twenty miles of 
Conejos, the intervals between these hills are occupied by a heavy deposit 
of the Santa Fé marls, which, with masses of intrusive basalt rising in irregu- 
lar masses, reminded us that we had once more reached the forbidding 
scenery of the Rio Grande Valley. 

The bluffs that border the Chama near Tierra Amarilla are, as before 
observed, composed of the shales of No. 2, and they contain abundance of 


Ostree and Inocerami. Near the upper part of the series, there are several 
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thin beds of a light-brown color, containing numerous broken fish-bones 
and Ostrea congesta, &c.; the appearance resembling closely fish-bearing 
shales found by Professor Mudge near Stockton, Kansas. From Tierra 
Amarilla, the route of my party laid southwestward. After crossing the 
river, and the bluffs which bound its immediate valley five miles beyond it, 
the sandstone of Cretaceous No. 1 rises from beneath the Cretaceous No. 2 
with a southeast dip. In some places, it rises abruptly like the wall of a 
fault, forming vertical bluffs of greater or less elevation, facing the east. 
This axis of elevation is at this point narrow, and the sandstone is soon 
found to dip to the southwest, west, and northwest. The route continued 
for forty miles along the western base of this line of elevation, which in- 
creases in importance as we proceed southward. At first, the Cretaceous 
No. 1 sandstone forms extensive barren slopes of 15° to 20°, constituting 
the northwest flank of the gradually-rising Gallinas Mountains; but farther 
south, where the mountain reaches its greatest elevation, it is steeper and 
more broken. 

The structure of the region west of the Sierra Madre from this point 
as far as my investigation extended (fifty miles) is a beautiful repetition of 
that observed and described on the east slope of the Rocky Mountains, so 
far as the Mesozoic strata are concerned. The mountain-axis itself exhibits 
great variations in its surface-formation and elevation; but the position of 
the beds on its flanks is remarkably uniform. These form a series of hog- 
backs, formed by Cretaceous Nos. 1 and 3, and occasionally by harder 
beds of Nos. 2 and 4, which are separated by parallel valleys, which are 
often grassed and timbered, and rarely occupied by sage-brush. ‘The most 
important of these is that lying between Nos. 1 and 3. The upper portion 
of the Chama flows through a similar valley on the eastern side of the 
Gallinas axis, and is turned aside by that line of elevation, and then cuts 
through the beds of No. 1 and the overlying formations, and finally through 
the axis of elevation farther eastward, reaching the Trias before entering 
the Santa Fé marls. On the western side of the axis of the Gallinas, the 
valley of Cretaceous No. 2 exhibits two points of elévation. The most 
northern is near the Rio Chama; the southern and highest, at the head of 


the Rio Puerco. From the latter, the drainage is carried through the Gal- 
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linas Creek northward, which flows along the valley until it is turned aside 
by the rise toward the northern divide already mentioned, when it flows to 
the east through a canon of the Gallinas Mountains, and joins the Chama 
below. 

The appearance of the No.2 valley is as follows: On the left (east), 
the barren slopes of brown sandstone rise, marked with regular cleavage- 
fissures, from which scattered pinones gain subsistence. On the west, per- 
pendicular bluffs extend in a regular line parallel with the mountain-axis. 
They reach 700 feet and more in height; but the strata are undulating in 
long waves, reaching the valley-level at intervals of several miles, where 
the depression opens a view of the country to the west. The face of the 
bluffs is the outcrop of the bluish shaly beds of No. 2, which are full of 
Ostrea and Inoceramus. ‘The summit of the bluffs is the light-yellow sand- 
stone of No. 3. This sandstone varies much in thickness, increasing toward 
the south, where it constitutes the entire bluff. The valley widens to the 
south for a distance, and a line of low hills of the shales of No. 2 rises 
from its surface. Another line of hills, less constant and less elevated than 
that of No. 3, is formed by the yellow beds of No. 4, and first appears near 
the mouth of Gallinas Canon, and continues to approach No. 3, until, to 
the south, the two combined form a single hog-back. 

The axis of the Gallinas range appears to be undulating; at least, a 
series of undulations of the strata on its flanks are due to axes of elevation 
at right angles to the principal one. The side of the Gallinas Mountain at 
the north appears to be composed mainly of Cretaceous No.1; but, at the 
cation of the Gallinas, the colored beds of the Jurassic appear in its sum- 
mits. South of this point, these beds, capped with the white gypsum, 
extend entirely across the anticlinal; the sandstones of Cretaceous No. 1 
appearing on the eastern as well as the western flank. Farther south, these 
are abruptly removed, leaving a plateau of the hard '‘Triassic” sandstone 
at a somewhat lower level, this bed resting in turn on the deep-red marls of 
the same age. Farther south, the Triassic sandstone forms the summit of 
the highest line of the range; the Jurassic and Cretaceous No. 1 reposing 
on its sides. Still farther south, the Nacimiento Mountain rises to a greater 
height, and is composed of the red feldspar-porphyry of the Rocky Mount- 
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ain axis. It forms the culmination of the Sierra Madre, and extends south- 
ward as far as my examination was carried. 

The first and most northern section was carried across the flank of the 
mountain twelve miles south of the entrance of the canon of the Gallinas 
Creek. The oldest beds of this section form a plateau surrounded by 
greater elevations, from which it is separated on the south and east sides at 
least by deep ravines. The walls of these are composed of a deep-red marl 
of the Trias, capped by the usual heavy bed of gray sandstone. The 
north side of this plateau is bounded by an abrupt precipice of Jurassic 
strata, the red below, yellow in the middle, and the bed of snowy gypsum 
on top; the relations of the Triassic and Jurassic here being precisely as 
described above at the entrance of the Canon Cangilon. The sandstones of 
Cretaceous No. 1 are observed on both east and west flanks of this open 
anticlinal; on the eastern side, without the intervention of the gypsum-bed. 
The yellow bed is also deeply scored, and in some places isolated, showing 
that a stronger eroding action had been at work on this side than on the 
west, prior to the deposit of the Cretaceous No.1. Immediately to the 
west of the plateau, a more elevated wave is also covered with the Jurassic 
beds; the entire summit of the mountain for many miles being composed 
of the gypsum. This soft material is worn into innumerable gullies. It is 
separated from the plateau by a gorge which is the seat of a fault. The 
Triassic plateau has evidently been thrust upward to the level of the yellow 
beds of the Jurassic at this point; the fault thus amounting to not more than 
three hundred feet. But the Jurassic beds dip southward, forming the 
descending slope of a longitudinal wave of their axis of elevation. As the 
Triassic is level at the point of descent of the Jurassic gypsum to the val- 
ley-level, the fault amounts to a thousand feet. At the junction of the two, 
the evidence of faulting is to be seen in the vertical escarpments of the 
middle bed of Triassic sandstone, which is here on edge, with the deep-red 
marls on both east and west sides of it. The gypsum does not descend 
southward to the valley-level, however; the end of the anticlinal having 
been cut transversely by a line of drainage, marked in summer by a deep 
arroyo. Immediately to the west, the sandstone of Cretaceous No. 1 forms 


the usual line of hog-backs; but at this point it does not lie immediately on 
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the Jurassic, its softer lower beds having been cut out by the passage of 
the Gallinas Creek. This stream cuts through the hog-back, escaping from 
the valley of No. 2, and returns to it again, after pursuing a short course 
between No. 1 and the gypsum. Southward five miles, the Triassic beds 
with the sandstone cap have been lifted to a greater elevation, of at least 
1,000 feet above the level of the Gallinas.. This has naturally been accom- 
panied with a greater lateral extension. The foreground consists of its red 
bed and intercalated sandstones, which extend to the valley of the Gallinas; 
the Jurassic beds being undiscoverable on its flanks, and even Cretaceous No. 
1 is lost for a short distance. This projection, or angle, is opposite to an 
isolated mass of this formation, which, in the absence of another name, I 
called Red Peak. The area of the Trias is concentric with its base; the 
boundary retiring eastward. on the south side. Here the Jurassic beds 
re-appear, the gypsum standing vertical, and forming a line of narrow, 
steep hills; the lower beds are not visible, but form the bottom of a valley 
which separates the Jurassic hills from the mountain. The relation of the 
two formations is here clearly seen. The elevation of the Red Peak and 
adjacent’ mountain-axis has fractured the Triassie beds, so that the upper 
sandstone, which is horizontal on their summits, also lies at a steep angle 
(45°) on their southwestern flanks. An interesting example of curved 
strike is here exhibited. The tilted sandstone at the left strikes northwest 
and southeast; the same ledge in the middle foreground, north and south. 
These beds lie immediately on the blood-red Triassic marls, as in the 
mountains and elsewhere. 

Two miles south, the Jurassic and Cretaceous No. 1 beds disappear 
through the erosion of a drainage-valley; but, south of the latter, the Juras- 
si¢ rises steeply, with a dip northwest 25°, to an elevation of 700 feet above 
the valley. The upper surface is composed exclusively of the gypsum, and 
the eastern is precipitous, exhibiting the usual three strata of white, yellow, 
and red in descending order. But below these appear the deep-red marls 
of the Trias, which occupy the valley separating the Jurassic hill from the 
Trias mountain, and form a body of Triassic bad-lands. The surface of this 
tract is eroded into canons, ravines, and arroyos, with irregular masses of a 


deep-red color between them. Perhaps three-quarters of a mile separate 
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the vertical sides of the valley; the Triassic beds forming the western wall, 
with the marl below, and a very heavy bed of hard sandstone on top, the 
whole rising to 900 feet by barometer. In the bad-land tract, I obtained 
satisfactory evidence of the lacustrine character of the formation, a point 
of much importance, inasmuch as the nature of these beds has remained 
very obscure up to the present time. The evidence consists of numerous 
specimens of species of Unio from a number of distinct localities, and frag- 
ments of bones and teeth of two or three species of Saurians, one of which 
at least was of terrestrial habits, according to our present knowledge. I have 
submitted the Unios to my friend Mr. F. B. Meek, who informs me that they 
belong to five species, which he has described* three of them under the 
names, U. cristonensis, U. gallinensis, and U. terrerubre. He observes, 
“supposing that these shells really come from the horizon of the Trias, 
they are the oldest Unios yet found, so far as I am informed, in this 
country.” 

The Saurian remains above mentioned are those of Dinosauria, Cro- 
codilia, and perhaps Sauropterygia. he first named is represented by a 
tooth of the type of that of Lelaps; the Crocodile is a Belodont, which I 
have described under the name of Typothorax coccinarum. 

The evidence derived from the vertebrate fossils is favorable to the 
identification of this horizon with that of the Trias, although it cannot, of 
course, be regarded as conclusive until more perfect specimens are obtained. 

Besides the overlying sandstone bed, the red marls are traversed below 
it by a conglomerate, which is in some localities of a bluish tint. At some 
points, it weathers to gravel, and near this horizon the vertebrate remains 
occur, At other points, it forms a very hard Potomac marble, containing 
pebblesof various colors. Nearthe same level, obtained specimens of impure 
copper-ore, which simulate petrified wood in form. The sandstones, especially 
those lying obliquely on the mountain-side, I found to contain obscure 

vegetable remains, some of which are replaced by oxide of iron. They 
reminded me of similar remains observed in the same horizon near Taos, 

On passing a mile to the south of the locality which has been described, 


the opposite masses of the Jurassic and Triassic rocks are seen to descend at 


*Anmmal Report of Chief of Engineer T's, 1875, ii, p. 1003 
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an angle of 20° and 25° to the south, marking the terminus of another 
longitudinal wave of the axis, of which the one immediately to the north 
has already been described. The valley caused by this descent is the 
drainage-level of the Upper Gallinas Creek, which issues from the mount- 
ains at this point. This locality is instructive as furnishing the third 
example of the fault existing between the Triassic and Jurassic. The 
Triassic sandstone is also faulted at several points at right angles to the 
principal fault, as seen in the north and south escarpment. The fragments of 
the fractured sandstone bed strew the west slope of the Triassic mountain, 
and disappear in the red marls. 

From this depression, the mountain rises gradually, first in a lower 
ridge, and then to the long and regular crest of the Nacimiento Mountain. 
The axis of this new elevation forms an open angle with that of the range 
of the Gallinas proper, running northeast and southwest, the consequence 
of which is a change of strike of all the elevated beds on its flanks. The 
Cretaceous hog-backs make a very regular angle in their direction; its 
apex being the point of change ot axis at the cove I have described above 
in detail. At the same time, the hog-backs approach nearer to the mount- 
ains, and the variegated and gypsum beds of the Jurassic are not seen. 
The southward route passed over the divide which separates the drainage 
of the Gallinas from that of the Puerco. South of this divide, the Creta- 
ceous beds, including their highest members, Nos. 3 and 4, disappear on 
the sides of the Nacimiento Mountain. The mountain itself is the feld- 
spathic porphyry of the true Rocky-range axis, which, rising through the 
Mesozoic beds which cap the northern part of the Sierra Madre, forms its 
most elevated portion. At the village of Nacimiento, the red Triassic beds 
are visible on the mountain-side, and its upper sandstone dips south as well 
as west from an elevated position. The range extends south from this point 
as far as my observation reached. The valley is occupied, in localities near 
the mountains, with the red feldspathic gravel usual along the Rocky ranges. 
Some of the Mexicans spoke of copper-mines, with ancient stone buildings, 
in the ravines of the Nacimiento. 

I conclude this chapter by a little further allusion to the Cretaceous 


» 


hog-backs, of which the most important is that formed by No. 3. At one 
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of the depressions in this line, the erosion has displayed 
a considerable bed of lignite. It appears in four beds, 
which are represented in the following section : 
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This lignite bed extends throughout the region west 
of the Rocky Mountains wherever No. 3 occurs, and is 
the bed which has been mistaken for the true lignite, or 
No. 6, by some geologists. It appears=e this horizon 
wherever access is obtained, but is generally impure and 
of little or no value. The beds differ in thickness at 
different localities ; their combined mass, with rather thin 
layers of slate, at one point reaching 50 feet. It is over- 
laid by a heavy bed of yellow sandstone, from which I 
obtained teeth of Sharks of the species Oxyrhina? and 
Galeocerdo pristodontus, Agassiz. These yellow beds are 
observable for a mile to two miles west of the hog-back 
of Cretaceous No. 3, forming lines of low hills, from which 
I obtained numerous fossil Mollusca. These include Bacu- 
lites, Ammonites of two species, including A. placenta, Ino- 
ceramus, and a number of well-preserved Dimyaria and 
Gastropoda. I suppose these beds to represent Creta- 
ceous No. 3. 

A portion of their lowest member lies on the hard 
portion of No. 3, at some points, as already stated, form- 
ing the upper part of the hog-back ; at least, I obtained 
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the Baculites, an Ammonite, and thé usual form of Tneceranius trom such 
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a locality. The two horizons are separated by the lignite, and, when this 
is eroded, a double line of hog-backs results. Several miles to the west- 
ward of this locality rise the horizontal beds of the Eocene, and the arroyo 
whicli drains their slope pursues its way eastward into the Gallinas 
Creek. Immediately bordering its valley is a detached hill of Cretaceous 
No. 38, on whose summit stands a large stone building, one of the many 
which strew the crests of all these hog-backs. An account of these is given 
in my report on archeology.* Further observations on the Cretaceous beds 
are deferred until the Eocene deposits are considered. 

The following is an approximate estimate of the Mesozoic beds in the 
same locality. As they were not accurately measured, the numbers will 
have to undergo revision, Their relative thickness is nearly as given: 
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The Mesozoic beds of this section (excepting some of the higher mem- 
bers of the Cretaceous) have been examined over extensive areas to the 
west and south by Messrs. Marcou and Newberry, whose valuable reports 
accompany those of Lieutenants Whipple and Ives, on the routes surveyed 
by them through Arizona and New Mexico. The horizon here termed after 
Hayden “Triassic” has been referred previously to this formation by Pro- 
fessor Marcou also, who had the opportunity of examining it in Texas and 
the Indian Territory. So far as the latter region is concerned, I can confirm 
the identification, having examined bones from the red beds of that country 
which appear to be those of Belodonts. Dr. Newberry terms it in Arizona 
the ‘salt group”, or ‘‘saliferous sandstones”, referring to it as probably 
including both Triassic and Permian strata. The formations here called 
Jurassic are partially included by Professor Marcou in his Triassic series, 
and are termed by Dr. Newberry the ‘‘variegated marls”, who is inclined 


to refer them to the Jurassic. 


* Annual Report Chief of Engineers, 1875, LL, p. L056. 
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The published notices of the paleontology of the Mesozoic formations 
explored by me are the following: 


1875.—Annual Report of Chief of Engineers, 1875, IT, 983. Cretaceous No. 3 of the 
Sangre de Cristo Pass. 

1875.—Proceedings of Academy of Philadelphia, 1875, p. 265. Trias of Gallinas 
Mountains. 


2.—THE EOCENE PLATEAU. 


' 


The discovery of the Eocene deposit and its contained fossils was the 
realization of an anticipation of its existence, which I embodied in a report 
to Dr. Hayden the previous year (1873), and which was published* before 
I left for the field in 1874. Investigations into the stratigraphy of the 
southern Rocky Mountain region had demonstrated that the elevation of 
this part of the continent took place earlier than the corresponding regions 
in the north; in other words, that the elevation extended from the south to 
the north. This is shown by the greater exposure of the Mesozoic beds in 
the south, in connection with the abundance of lignite and other indications 
of extended land-surfaces during the Cretaceous period, and by the absence 
of lignite of the upper or Fort Union epoch, which is the coal- ‘producing 
horizon of Colorado and the north. 

Supposing that the sudden appearance of faunze and floree is not due 
to creation, but to migration, I was led to look for the origin of the rich 
vertebrate fauna of the Bridger Eocene in connection with the abrupt dis- 
appearance of the Saurian fauna of the Fort Union Lignite Cretaceous, 
whose strata in Wyoming immediately underlie it. The change of fauna is 
strikingly abrupt, passing from a Mesozoic to a Tertiary character without the 
intervention of extensive non-fossiliferous deposits. The succession of beds 
from the one to the other is in many places uninterrupted, and, according 
to Dr. Hayden, without non-conformity. There is no evidence whatsoever 
of terrestrial disturbance, such as would produce a great destruction and 
re-introduction of life. In fact, physical evidence, as well as biological law, 
is in favor of the view that the Tertiary fauna migrated from another region, 
and replaced the Mesozoic type of Saurians which had until then oecupied 
the field. And in view of these facts I remarked (.¢., p.16; Annual Re port 


* Bulletin of the mnibed States Geologicai Survey of the Territories, No. 2, 1874. 
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of the United States Geological Survey of the Territories, 1873, 422), that 
e that this incursion of Mammalia came 


“there is good reason for believing 
from the south”. 

In Wyoming, the Bridger beds are immediately underlaid by the Wah- 
satch formation (which includes the Green River shales), whose fauna pre- 
sents characteristic peculiarities when compared with that of the Bridger 
epoch (see summary at end of Chapter XII). The result of my explora- 
tion in New Mexico was the discovery of an extensive area of Wahsatch 
beds, with their fossils. The latter represent the fauna which immediately 
succeeded the Fort Union Saurians and preceded the Mammalian life of 
the Bridger. According to Dr. Peale (Hayden’s Annual Report for 1874, 
published in 1876), the Wahsatch beds (‘‘Green River beds”) become much 
heavier in Western Colorado, and I did not find the Bridger beds in New 
Mexico. New Mexico was then no doubt the source from which the fauna 
of Wyoming was derived, and the extension of the Wahsatch fauna prob- 
ably proved fatal to the latest representatives on the American continent of 
the Dinosaurian and other Reptilian forms of Mesozoic time. 

The relations which the Eocene bears to the Mesozoic formations in 
New Mexico are as follows: 

West of the hog-back of Cretaceous No. 3, with an interval of perhaps 
two miles, at a point just north of the Gallinas Mountain, a sandstone bluff 
presents a bold escarpment to the northeast. This is the angle of a mass 
of rock whose eastern face extends southward parallel to the mountain- 
axis, and whose strata dip first 15°, then 10° south, and soon disappear 
beneath a similar mass. This series also presents an escarpment to the 
northeast, and its beds also dip 10° south, nearly opposite the canon of the 
Gallinas. This facade rises to from 600 to 900 feet elevation, and is cleft 
to the base by a deep gorge, the Canoncito de las Yeguas. I traversed this 
fissure, passing entirely through to the elevated country to the westward. 
Six miles from its mouth is a large pool, fed by a spring known as the Mare’s 
Spring. The canon is narrow, and the walls almost perpendicular. They 
are composed, at the “ puerta”, or entrance, of a moderately hard, reddish- 
brown sandstone. The canon is twenty miles-in length; its bottom has a 


gentle rise; and, as the sandstone has a gentle dip toward the west as well as 
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south, its upper beds reach the level of the bottom at about the middle of 
the length of the canon. Above them, softer beds appear, alternating with 
strata of sandstone; the beds are first gray, but others soon appear which 
are striped with red. The red-striped marls increase in relative thickness 
toward the west, and the sandstone strata diminish, until, at the head of the 
canon, the highlands fall off into hills of bright-colored marls eroded 
into. rounded and picturesquely-formed masses. These extend in a 
long line to the north and south, facing westward. To the west, a wide, 
elevated plain spread before us, varied with a few hills, and stretching away 
with a gentle slope to Canon Largo and the country of the San Juan 
River. The discovery of the variegated marls was one of no little interest 
to the writer, inasmuch as I had made special efforts to find Eocene beds in 
this region, and they were then crowned with success. The position of these 
marls, with their close physical resemblance to the Wahsatch beds of Bear 
River, Wyoming, together with the evidence furnished by a lower molar 
of Coryphodon, found by my guide, indicated that I had discovered the 
sediments of the great body of fresh water which during successive stages 
of the Eocene period occupied the drainage-basin of the Great Western 
Colorado. The thickness of the strata exhibited in the walls of the Canon- 
cito de las Yeguas, I estimated at 1,200 feet. 

On leaving the mouth of this canon, and proceeding southward, the 
southern dip of the red sandstone brings their summit to the ground-level 
in about ten miles distance. The red and gray marls, with alternating beds 
of white and yellowish sandstone, appear on their summits, and at a point 
twenty miles south of the canon form a mass of bad-land bluffs of from 
600 to 1,000 feet elevation. This escarpment retreats and then turns to the 
east, forming an extensive horseshoe, the circumscribed area being occu- 
pied with hills and picturesque masses of sediment, with all the peculiar 
forms and desolation of bad-land scenery. I remained in camp for about 
a month near this circle, and obtained many fossil remains of Vertebrata. 
Ten miles south of this point, another horseshoe of bad-lands covers an 
extensive area, and proved to be as rich in fossil remains as the first. Here 
I made my second camp, remaining in it for three weeks. The southern 


boundary of the northern tract extends to within six miles of the Cretaceous 
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hog-backs, while the corresponding part of the second approaches nearer, 
forming a line of bluffs of considerable height running north and south par- 
allel with, and half a mile from, the hog-backs. Beyond the Puerco divide, 
hills of this formation rise on both sides of the trail, and near the Ojo de San 
José the Eocene beds repose on the foot of the Nacimiento Mountain several 
miles to the east. 

Below the sandstones which form the portals of the Canoncito de las 
Yeguas, another stratum of marls shows itself in hills of 100 feet. and 
higher, in the sage-brush plain that separates them from the Cretaceous 
hog-backs. They are soft and of mixed black and dark-green colors near 
the locality im. question, and capped by light and yellowish sandstones. 
These conform to the beds of the Hocene, and I traced them for forty miles 
to the south along the belt of country intervening between Cretaceous No. 
4 and the reddish sandstone. At the locality just mentioned, they conform 
to the sandstones above, having a dip of 10° southwest, while they do not 
conform to the hog-back of Cretaceous No. 3, the nearest available outcrop, 
which dips at 25° west. Farther south, this marl is represented by low 
hills of generally lighter color. Near Nacimiento,.it has an increased im- 
portance, as it rises both to the east and south. The valley of the Upper 
Puerco is excavated in it for some distance, and its blackish, greenish, and 
gray hills are seen on both sides of the river. Ata point on the river 
about six miles below the village of Nacimiento, the lower sandstone of the 
Kocene forms a perpendicular bluff, which terminates in an escarpment of 
500 feet elevation facing the south. The red-striped marls, having acquired 
a gentle northern dip, disappear from view some miles to the north, and the 
termination of the underlying sandstones warned us that we were approach- 
ing the southern border of the basin. 

The border of the sandstone turned to the west at this point, the line 
of bluffs continuing as far as vision extended. Below and south of it, the 
varied green and gray marls formed the material of the country, forming 
bad-land tracts of considerable extent and utter barrenness. They formed 
conical hills and flat meadows, intersected by deep arroyos, whose perpen- 
dicular walls constituted a great impediment to our progress. During the 


days of my examination of the region, heavy showers of rain fell, filling 
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the arroyos with rushing torrents, and displaying a peculiar character of 
this marl when wet. It became slippery, resembling soap in consistence, 
so that the hills were climbed with difficulty, and on the levels the horses’ 
feet sank at every step. The material is so easily transported that the 
drainage-channels are cut to a great depth, and the Puerco River becomes 
the receptacle of great quantities of slimy-looking mud. Its unctuous 
appearance resembles strongly soft-soap, hence the name Puerco, grease. 
These soft marls cover a belt of some miles in width, and continue at the 
foot of another line of sandstone bluffs, which bound the immediate valley 
of the Puerco to a point eighteen miles below Nacimiento. Here the sand- 
stone again turns to the westward, presenting a southern escarpment of 500 
to 1,000 feet elevation. This forms the southern boundary of the Eocene 
basin. I could not be sure whether this sandstone is identical with that of 
the escarpment twelve miles north, but suspected it to be such. Immedi- 
ately south of it, low hills of Cretaceous No. 3 extend across the Puerco 
and continue south of the Eocene bluffs at a distance of a mile or two with 
a western strike. They were as elsewhere of a soft yellowish sand and 
clay, including shale beds, and contained abundance of Inoceramus, like 
those found on the Gallinas. 

Ten miles to the southward, the underlying Cretaceous beds are capped 
by a horizontal table of basalt, thus forming a mesa, through which the 
Puerco passes in a canon. I supposed this to be the forerunner of the 
great basaltic plateau, which, according to Lieutenant Wheeler, constitutes 
the country south of the Rio Chaco for a great distance one of little 
promise to the agriculturist. These tracts are known as the Mesa Fachada 
and Mesa de los Lobos. The season being well advanced (October 22), I 
thought best to commence the return march, which we accordingly did. 

The soapy marls, or, as they may be called, the Puerco marls, have 
their principal development at this locality. I examined them throughout the 
forty miles of outcrop which I observed for fossil remains, but: sueceeded 
in finding nothing but petrified wood. This is abundant in the region of 
the Gallinas, and includes silicified fragments of dicotyledonous and palm 
trees. On the Puerco, portions of trunks.and limbs are strewn on the hills 
and ravines; in some localities the mass of fragments indicating the place 
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where some large tree had broken up. At one point east of the river, I 
found the stump of a dicotyledonous tree which measured five feet in diameter. 

As already remarked, the Puerco marls may belong to the Eocene 
series in view of their strict conformability to the superincumbent rocks of 
that age. But they may represent the Fort Union or lignite beds of the 
Upper Missouri, some of whose strata they resemble in color and consist- 
ence. ‘They contain no lignite nor coal, although their occasional black 
color may be due to a small amount of carbonaceous matter. They have 
no resemblance to the Bitter Creek beds in mineral character or fossils. 
The presence of such quantities of petrified wood gives weight to the 
probability that the Puerco marls are a lacustrine formation. In explor- 
ing the hills of this formation along the Puerco, I found the horns of 
an Elk (Cervus canadensis). This locality must be near the southern limit 
of its range. I learned that it is not uncommon on the high plateau near 
Tierra Amarilla on the northeast. 

I made a second section of the upper or Wahsatch beds to the west, 
starting from opposite the middle of the northern bad-land cove. About 
the middle of the marl series, there is usually present a bed of nearly white 
sandstone, frequently quite hard, in which the fossils have generally a worn 
or rolled appearance. Here occurred the greater number of Sharks’ teeth, 
but not all. Above this horizon, the most abundant fossils are the gars and 
crocodiles, while the greater number of the Mammals come from below it ; 
but this distinction is of a very general character. On climbing the eastern 
escarpment of these marls, the summit is found to be a plain sloping at a 
slight angle to the south and west. Escarpments composed of the upper 
beds of marl and sandstones extend mostly in east and west lines. 

The most important of these is, first, an outcrop of sandstone, ten 
miles west of the bluffs. Here I found characteristic fossils. The trail fol- 
lows a canada, or narrow shallow valley, for perhaps forty miles. Branches 
pass to the right and left between the hills, affording beautiful .park-like 
views. The drainage of this Eocene plateau from the summits of its eastern 
escarpment is to the west, reaching the San Juan River by Cafion Largo 
and Canon Amarillo. Along the canada, the marls re-appear; their red 
and gray colors contrasting with alternating beds of sandstone. These 
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sink, and are followed by a soft, yellow sandstone, which forms the face of 
the Gabilan Hill, eighteen miles west of the bad-lands. Other bad-lands 
appear beyond; the sandstone resting on them. For many miles, the alter- 
nating marls and sandstones form steep hills on each side, of 100 to 300 feet 
elevation, until about thirty miles west of the Gallinas bad-lands they ter- 
minate in bold headlands, the escarpment of the formation sweeping right 
and left to the north and south. From high, bold hills, they drop off in 
lower terraces, and the general level of the country slopes off rapidly to the 
west. From this point, a fine view toward the canons of the San Juan is 
had over a descending plain studded with irregular hills. A low tableland, 
perhaps forty miles distant, is deeply notched at two points, which my guide, 
who is familiar with the region, termed the Puertas, or Gates of the Canons 
Largo and Amarillo, with the Mesa de Chaco to the left. The point on 
which we camped is termed on the maps the Alto del Utah, and is placed 
at 6,648 feet elevation, although there are more elevated hills nearer to the 
bad-land facade of the Gallinas. The entire region is devoid of springs, 
but is covered with grass and good timber. The country is, therefore, a 
favorite resort for the shepherds, with large flocks, from the valley of the Rio 
Grande, in winter; otherwise, it is without resident inhabitants. Myself 
and guide depended on pools of water of a rain which had fallen a week or 
more previously, and found it palatable, although muddy. In several of 
them, I found young individuals of Spea stagnalis, Cope, with their tadpoles, 
which had evidently but a short time for incubation, metamorphosis, &e. 
As usual in this group, the tadpoles attain a large size before changing. I 
found also, on a number of the bad-land hills, as far as the Alto del Utah, 
pottery of the ancient people who appear to have once inhabited this coun- 
try in large numbers. An account of these has been given a special chapter 
of the annual report. 

In review, I give the following section of the Eocene rocks of the re- 
gion west of the Sierra Madre: 


e Feet. 
Red and gray marls, Wahsatch group ......-..--------- 1, 500 
Sandstone, Wahsatche oro mp) cj < see) -leteienairelnieietsslolekeietot 1, 000 
Green and black marls, Puerco group.........-.---..--- 500 
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The descriptions of fossils of this horizon have been published at the 
following dates and places: 


1874, November 28.—Report upon vertebrate fossils discovered in New Mexico, with 
descriptions of new species; by E. D. Cope Annual Report of the Chief of Engi- 
neers. Appendix F F, 

1874.—Annual Report of the Chief of Engineers, part 2, p. 591. 

1875, April 17.—Systematic catalogue of Vertebrata of the Eocene of New Mexico, col- 
lected in 1874; by E. D. Cope. Geographical and Geological Explorations and 
Surveys West of the One hundredth Meridian, 1875. 

75.—Proceedings Philadelphia Academy, p. 255. On fossil Lemurs and Dogs. 

1875.—Proceedings of the Philadelphia Academy, p. 444. On the supposed Carnivora 
of the Eocene of the Rocky Mountains; extras published December 22. 

1876.—Proceedings Philadelphia Academy, p. 10. On a gigantic bird from the Eocene 
of New Mexico; extras published April 18. 

1876.—Proceedings Philadelphia Academy, p. 39. On the Teniodonta, a new group of 
Eocene Mammalia; extras published April 18. 

1876.—Proceedings Philadelphia Academy, p. 63. On the geologic age of the verte- 
brate fauna of the Eocene of New Mexico; extras published April 26. 

1876.—Proceedings Philadelphia Academy, p. 88. On supposed Lemurine forms of 
the Eocene period. 


———S 


iG. 2.—Sketch taken in the Eocene bad-lands of the Gallinas. 
3.—THE LOUP’ FORK BEDS OF “THE -VALLEY OF THE RIO GRANDE. 


The ravines of the south side of the Picuris Mountains, on the east 
side of the Rio Grande, are filled with the arenaceous beds of the Santa Fé 
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marls, as already described by Dr. Hayden. The erosive forces have cut 
deep valleys and gorges from their mass, leaving tremendous castellated 
and bastioned escarpments of a thousand feet elevation. Interesting views 
of these beds may be had by following the valley of the Embuda Creek, 
and the canadas which extend from it to the southward and eastward. After 
careful examination of this region, I could only find a single fossil, namely, 
a penultimate phalange of a lateral digit of probably a three-toed horse. 

Crossing the Rio Grande by a ford not far from the mouth of the 
Embuda Creek, I climbed the rugged face of the lava mass that forms the 
sides of the canon of the river, and which underlies the surface on its eastern 
side, and found myself at the base of the ‘‘Pliocene” sands, which there 
form bad-land hills of some elevation. Some of them are worn into castel- 
lated forms of much beauty; one in particular reminding me of the Eocene 
Church Buttes of Wyoming. From their summits, an extensive view was 
had of the triangular area inclosed on two sides by the Rio Grande and 
the Rio Chama, with the two drainage-areas of the Ojo Caliente and El 
Rito Creeks. On traversing this region, it was found to be entirely com- 
posed of the ‘‘Pliocene” sands, and to be very arid, with cedars scattered 
irregularly over the surface. ‘The springs of Ojo Caliente number three, 
the most important issuing from a vertical ledge of gneiss, which is there 
traversed by a wide quartz-vein. The temperature of the warm springs is 
from 116° to 120°; they contain abundance of a Confervoid Alga. In the 
creek below, I saw a Cyprinoid Fish (Gila pandora, Cope), taken with the 
hook. Near to this point I first observed the Blue Partridge (Callipepla 
squamata, Vig.), which is readily distinguished, as itruns, by the white under 
side of its erect. top-knot. 

In descending the Rio Chama, the arenaceous bluffs are continually in 
view on the north side, and occasionally display layers of basalt alternating 
with the sandstones. In this situation, the basalt is at times concretionary. 
The bed which bounds the Rio Grande on the west terminates at the junc- 
tion with the Chama in a high point. On the southwest side of the Chama, a 
similar stratum gives the mesa-form to the hills, nearly to its mouth. South 
of these, the Jemez Mountains rise in impressive proportions, and, extend- 
ing southward, bound the Rio Grande Valiey on the west. 
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The wide valley between the Jemez and the Sangre de Cristo ranges 
is almost entirely filled with the Santa Fé marls. Their sandy character is 
not favorable to agriculture, being scarcely preferable to the basalt, so that 
cultivation is confined to the narrow valleys of the tributaries of the Rio 
Grande. The intervening country is either absolutely naked or covered 
with cedars. Occasionally, as near San Ildefonso and near San Felipe, a 
fragment of the lava remains, protecting the underlying Pliocene beds, form- 
ing a flat-topped butte, generally termed a huerfano. The beds of the Santa 
Fé marls are alternately softer and harder calcareous sandstones and con- 
glomerates, varying from white to greenish-gray and light rufous. They 
dip generally 10° to 15° toward the east, and away from the basaltic mass 
of the Jemez range. They contain the remains of extinet Vertebrata, mostly 
Mammalia, which have enabled me to correlate them with the Loup Fork 
Tertiary of Colorado and Dakota. The species discovered by our party 
number thirty-one, of which twenty-six are Mammals, three Birds, and 
two Reptiles. An enumeration of them is given in the last chapter of this 
report. 

Twenty-five miles west of the Rio Grande, at San Ildefonso, the east- 
ern masses of the Jemez Mountains rise. The greater part of this interval 
is occupied by a plateau which is traversed by more or less parallel ravines, 
which issue in the trough of the Rio Grande. The mesas which separate 
the ravines terminate abruptly, like the wharves of a city front. Their 
material consists of sandstone, conglomerate, and arenaceous marl, of 
whitish, gray, and drab colors, having a gentle dip to the northwest. Many 
of their upper beds contain numerous pieces of pumice, which readily dis- 
integrate, and the resulting siliceous dust, under the influence of wind, 
excavates the surrounding sandstones into caverns and pigeon-holes of many 
sizes and shapes. Nearer the mountains, the northwest dip of the beds is 
distinct, and they accordingly present escarpments to the southeast and 
gentle pine-covered slopes to the northwest. The ravines have a northeast 
and southwest direction, and extend to the base of the mountain. The 
escarpments are composed of orange-colored and reddish rock of uniform 
constitution, which breaks into prism-like masses as it falls, forming taluses 
below. It is entirely distinct in character from that of the bluffs nearer the 
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river, which form part of the Santa Fé Tertiary marls, as proven by the 
occurrence of the bones of Mastodon and Aceratherium jemezanum, Cope, 
near Santa Cruz. 

The orange beds are doubtless older, and were afterward seen on the 
Chama River; but I was unable to determine their age or their precise 
relation to the overlying sands and marls. They are covered near the 
mountains by a mass of basalt, which forms the floor of a higher mesa, from 
which rise the basaltic cones of the Jemez Mountains. Some of their peaks 
were doubtless sources of discharge of lava at a former period. I did not 
observe that the orange beds were tilted, or rested other than nearly hori- 
zontally against them. 

In the ascent of the Rio Chama, we pass over the Santa Fé marls 
exclusively until reaching the town of Abiquiu. Here are bluffs of 700 feet 
elevation, of a soft sandstone, having the same character and dip (10° to 
15° northwest) as those above described as at the eastern base of the Jemez 
Mountains. In a bay on the western side of one of these bluffs is a patch 
of picturesque bad-lands of the Santa Fé marls. Five miles above Abiquiu, 
the brilliantly-colored yellow and red beds, which form such an important 
feature in the geology of Western New Mexico, appear in high bluffs on the 
north side of the river. They are several hundred feet in thickness, but, 
near the Rio Chama, descend so as to permit of a view of their relations to 
the superincumbent beds. The brightly-colored beds are cut by a ravine 
to a depth of about one hundred and fifty feet. The upper portion is yellow, 
and they dip 25° southwest. They are overlaid by a shale of fifteen feet 
in thickness, whose laminz are frequently contorted. The lower part of 
the bed is finely laminated, and the upper portion consolidated into a very 
hard rock. Above it is a bed of twenty feet, of a very coarse conglomerate, 
whose cement is arenaceous. 

These details are entered into for the purpose of exhibiting the uncon- 
formability between the late Tertiary beds of the Rio Grande Valley and 
the formations constituting its western shores. The beds just described 
are believed to correspond with those called Jurassic in the section taken at 
Colorado Springs, and quoted earlier in this chapter. Red beds, sup- 


posed to correspond with the Trias of the same section, were observed by 
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me to form the northern boundary of the basin a few miles north of the 
town of El Rito, east of the Rio Chama. These beds crop out in high 
bluffs, and doubtless formed the precipitous western shore of the fresh lake 
which, during the Loup Fork epoch, filled the valley of the Rio Grande 
from its upper waters to an unknown distance toward Mexico. 

These red and variegated beds cover the stratigraphical axis of the 
Sierra Madre at this point, although not the water-shed between the waters 
of the Rio Grande and Rio Colorado. The geology west of this point has 
been considered in the divisions devoted to the Mesozoic formations of the 
Sierra Madre and the Eocene area west of it. 

The earliest information which we possess respecting the existence of 
Vertebrate remains in the lacustrine deposits of the Rio Grande Valley is 
due to the interest displayed by Hon. William F. M. Arny, then governor of 
New Mexico. He obtained, from the region northwest of Santa Fé, the 
fragments of a lower jaw of a Mastodon productus, Cope, and sent them to 
the Smithsonian Institution. This specimen formed the subject of a descrip- 
tion by Dr. Leidy, who referred the species to his Mastodon obscurus. The 
next observations of Vertebrate fossils were made by the members of the 
Wheeler survey of 1873. Francis Klett and Dr. O. Loew obtained a number 
of specimens from near San Ildefonso. Following the directions of these 
gentlemen, I made the examination during the season of 1874 which resulted 
in the discovery of thirty-one species of Vertebrata, of which all but four are 
determinable. Some of these have been already described in my report, pub- 
lished in the Annual Report of the Chief of Engineers for 1874, page 603. 

The Placita marls, alluded to in the beginning of this chapter, were 
examined by me during an exploration of the eastern base of the Sandia 
Mountains. Facilities for the accomplishment of this purpose were kindly 
placed at my disposal by General Gregg, at that time commanding the 
district of New Mexico. 

A section carried across from Algodones on the Rio Grande to the 
Sandia Mountains, through the village and creek of Placita, gave the follow- 
ing results: The road winds among and ascends for several miles, mesas of 
coarse Tertiary gravel and cobble-stones until it reaches a wide plateau, 
from which the mountains rise on the east. This tract is traversed by 
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Placita Creek and its tributary arroyos, which furnish interesting sections. 
From these it appears that the greater part of the plateau consists of 
the yellow, muddy shales and sandstones of Cretaceous No. 3. They 
form the bottoms, and sometimes the walls of the arroyos, and rise in low 
monoclinal hills at various points on the plateau. The beds dip N.W. 20° 
to 40°. In the intervals between the hills, there is a deposit of indurated 
clay of 40 feet in thickness, of Postpliocene age. I obtained teeth and 
other bones of Elephas primigenius subspecies columbi from this bed, and 
found bones of Elephants in place in the banks of the arroyo. Shells of 
Planorbis, Physa, &c., indicate the lacustrine character of the deposit, which 
I have called the Placita marl.* 

The descriptions and determinations of the species of the Santa Fé and 
Placita marls were published in the following essays: 


1874.—Proceedings of the Philadelphia Academy, p. 147, Notes on the Santa Té marls, 
and some of the contained fossils, by E. D. Cope. 

1874, November 28.—Report upon Vertebrate fossils discovered in New Mexico, with 
descriptions of new species, by E. D. Cope, p. 15. Annual Report Chiet of Engi- 
neers, pt. 2, p. 603. 

1874.—Annual Report of Chief of Engineers, ii, p. 603. 

1874.—Proceedings Academy Philadelphia, 221, On a new Mastodon and Rodent. 

1875.—Proceedings Academy Philadelphia, p. 255, On fossil Lemurs and Dogs. 

1875.—Proceedings Academy Philadelphia, 257, On the Antelope-deer of the Santa Fé 
marls, and the age of the formation. 

1875.—Proceedings Academy Philadelphia, p. 258, On some new fossil Ungulata. 

1875.—Proceedings Academy Philadelphia, p. 261, The phylogeny of the Camels. 

1875.—Proceedings Academy Philadelphia, p. 271, On an extinct Vulturine Bird. 

1875.—Annual Report of Chief of Engineers, ii, p. 988, On the Vertebrate paleontology 
of the Santa Fé marls; 1. ¢. 986, On Mastodon from Taos; I. c. 997, On Elephas 
from Placita. 

1876.—Proceedings Philadelphia Academy, July, on Canis wheelerianus and the evolu- 
tion of the camels. 


*Annual Report of Chief of Engineers, 1875, p. 997. 
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4.—DESCRIPTIONS OF MESOZOIC VERTEBRATA. 
YW) 
PISCES. 
? PERCESOCES. 
SYLLASMUS, Cope. 
Report U. 8. Geol. Sury. Terrs., ii, p. 180. 


Allied to the Mugilide. A short, spinous dorsal fin; ventral fins ab- 
dominal, posterior to the spinous dorsal. Pectoral fins subinferior in posi- 
tion. Coracoid bones forming a compressed, keeled body. Seales large, 
cycloid; lateral line present, extending along the middle of the sides. Pa- 
rietal bones less than epiotics, entirely separated by the supraoccipital. 
Frontal bones large, wide, their common suture distinct. 

The opercular apparatus extends obliquely backward, while the man- 
dible is produced forward. Hence the inferior part of the hyomandibular 
and the symplectic are directed obliquely forward. The end of the muzzle 
is broken off, but the posterior part of the dentary bone does not exhibit 
any teeth. The opercular bones are thin, and their inferior borders reach 
the median line of the inferior side of the head. 

The only species of this genus which has fallen under my observation 
is represented by a specimen in which the body posterior to the femoral 
bones is wanting. The surface is covered with scales, so that only the out- 
lines of those bones can be distinctly seen. They are thickened, and 
curved outward ; those of opposite sides are well separated from each other. 
The scales exhibit a very delicate concentric line-sculpture. 

The very posterior position of the ventral fins distinguishes this genus 
from Mugil, while the inferior position of the pectoral fins is not seen in 
Atherina. The lateral line does not oceupy the inferior position seen in the 
Scombresocide. As compared with Apsopelix, Cope, from the Benton group 
of Kansas, Syllemus differs in the absence of dorsal radii or interneural 
spines anterior to the ventral fins. There is doubtless some affinity between 
the two genera, as the other characters are quite similar. I was unable to 
detect a lateral line in Apsopelix. It is possible that a catalogue-name of 
Agassiz, viz, Calamopleurus (Poiss. Foss., v, p. 122), refers to this or some 


allied genus; but I am unable to discover that it has ever been described. 
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Syllemus latifrons, Cope. 


Report U.S. Geol. Surv. Terrs., ii, p. 181. 

Represented by the entire head and body of a fish as far as the basis 
of the ventral fins, excepting the end of the muzzle. The scales are com- 
pletely preserved, while only the bases of the fins remain. 

The body is subcylindric, while the head is broad and flat above. The 
inferior side of the head is contracted; the coracoids forming a keel, and 
the lower borders of the dentary bones being in contact. The angular por- 
tion of the dentary is strongly grooved on its inferior surface, and the prox- 
imal or anterior parts of the operculum display a radiate sculpture. The 
top of the head is smooth, excepting a slight radiate sculpture of the parie- 
tals. The outline of the parietals is subround, and a little more extended 
than that of the supraoccipital, which is a short longitudinal oval. 

There are twenty-six or twenty-seven longitudinal rows of scales, or 
thirteen on each half; those of the abdomen not differing from those of the 
sides. The lateral line runs along the eighth below the dorsal fin, originat- 
ing just above the base of the pectoral fin. There are nine rows of scales 
between the occiput and the first dorsal ray. I count the bases of fifteen 
dorsal radii, which are all fissured anteriorly, excepting the first, which is 
rudimental. The anterior rays are stouter than the posterior, and they em- 
brace the posterior part of the ray in front of them by the basal fissure. 
The posterior rays are much narrowed, and embrace but little. The pec- 
toral rays are numerous. The physiognomy of this fish is rendered pecu- 
liar by the depressed form of the snout, with the narrow under jaw. It is 
impossible to be sure whether the muzzle was elongate or not. 


Measurements. 


M. 

Length of the specimen to the base of ther ventral fil. sac = <2) « ee cletelern al emis se 0. 205 
Length of the specimen to the base Of the dorsal = tocse- woe = serial == pee 05090 
Length of the specimen to the base of the pectoral. « cccic/s < seeieeise - 2.5 scieicre 0.075 
Length of the specimen to the edge of the operculum -......-- .--+---+++--+ 0. 071 
Length of the specimen to the edge of the preoperculum.-...--.---- Pravsicisisverers 0. 055 
Length of the specimen to the condyle of the iiekopremeold a pophcoboddo cnEe 0,029 
Length of the specimen to the orbit .-.---. -+---s2++-+-e2r scree retest 0. 017 
Diameter of the front between the orbits. .----...--------- ++ +e ee ere eee 0.020 
Diameter of the body at the middle of ther dorsalis s-28 62s. eee eee eee 0. 045 


Depth of the body at the middle of the dorsalvfineertectescee oi: cre eisiss som asec 0.050: 
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The specimen was originally stated to me. to have been found “near 
the summit of Pike’s Peak,’ Colorado. I remarked on this, that. “the 
specimen has the appearance of having been derived from the Cretaceous 
beds, probably of the Niobrara epoch (No. 3), which are extensively ex- 
posed along the eastern base of that mountain.” More full information leads 
to the belief that it was obtained from some point in New Mexico. 


REPTILIA. 


CROCODILIA. 


The only Mesozoic Reptilia discovered by the expedition of 1874 were 
obtained from the so-called Triassic red beds of the western side of the 
Sierra Madre, on the Gallinas Creek, as already stated in the geological 
description. They are in a fragmentary condition, but of great interest, as 
being the first fossils discovered in that formation in the Rocky Mountains. 
With the Reptilian remains are the rhomboganoid scales of small Fishes, 
which are abundant in the coprolites of the Crocodiles. The Reptiles repre- 
sent three orders of Crocodiles, Dinosauria, and apparently of Sauropterygia. 
The Dinosaurian order is represented by a part of the crown of a tooth of a 
species of large size, of the general character of Lelaps. Both faces are 
convex, the.one more so than the other, and the long axis of the crown is 
curved toward the less convex side. Both cutting-edges are sharply and 
closely crenate-denticulate, as in Lelaps, Megalosaurus, &c.; otherwise, the 
enamel is perfectly smooth. There was not enough of this animal discovered 
to enable me to identify it. The suspected Sauropterygian species is repre- 
sented by a single vertebra, with the centrum slightly depressed, with circu- 
lar section, and about as long as wide. The neurapophysis appears to have 
been united by suture, although this point is not so clear as desirable, and 
the bases of the diapophyses are very stout, extending the entire length 
of the upper half of the lateral surface of the centrum. Of the articular 
faces, one is much more concave than the other. Length of centrum, 
0".05; width, 0.057; depth, 0°.055. ‘The Crocodilian remains consist of 
a portion of a jaw-bone with alveoli for four teeth, of a broken vertebra, 
anda number of dermal scuta and fragments of other bones. At another 


MESOZOIC VERTEBRATA. 29 


locality, not far distant, were found numerous remains of Saurian bones, 
embracing dermal and cranial pieces, coprolites, a fragmentary tooth, &c., 
which may have some aftinity to these. The species indicated by the former 
has been described and named as follows: 


TYPOTHORAX, Cope. 
Proc. Acad. Phila., 1875, p. 265; Ann. Report Chief of Engineers, 1875, p. 1004. 


The fragment of jaw belonging fo this genus is probably maxillary in 
position, for the following reasons: The interior face of the bone is sutural, 
and for the most part solid. This would refer it to the position of the sym- 
physeal portion of the dentary bone of a gavial-like form, but for other con- 
siderations. Supposing the piece to be dentary, and the suture therefore 
vertical, the incongruity follows that the alveolar face becomes very steep, 
so much so as to prevent the interlocking of the teeth, which become lateral 
in position. If, however, the jaw fragment be reversed in position, and the 
alveolar face placed in a horizontal position, the suture of the inner side 
forms a sharp angle with the vertical plane, as it should on the supposition 
of its being the maxillary bone. The wedge-shaped section necessary to 
fill the space between it and the median plane will then be that of the pro- 
longed posterior spine of the premaxillary bone. The solidity of this por- 
tion of the muzzle is inconsistent with the gavial genera of the Jura and 
later times, but not with the structure of the Triassic Belodons. The pos- 
terior part of the inner face is, however, strongly excavated, and the sutural 
margin exhibits an outward deflection, which is either the boundary of the 
nostril or the suture for the apex of the prefrontal or nasal bone. In either 
case, the nasal cavity and the nostril are posterior in position in conformity 
with the structure of the ‘“Thecodont” Crocodilia. The alveoli are large 
and arranged in a curved line, one of them somewhat exterior in position 
and isolated by a short diastema like a canine. Surface of the bone pitted. 
The dermal scuta found close to the jaw fragment have a flat upper surface 
marked with shallow pits rather closely placed, having resemblance to an 
obsolete Trionyx sculpture. Near one of the margins of the bone, the pits 
run out in shallow grooves. A portion of a vertebral centrum found with 
the jaw exhibits one articular face; this is shallow, concave, of the type of 
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the Amphiceelian division of Crocodilia. 'The body of the centrum is much 
compressed. 

The other remains include a portion of a dermal bone like those 
described, and the crown of a tooth, among other fragments. This crown, 
which has lost most of its enamel, is triangular in section, and somewhat 
curved in its long axis. A convex face is directed forward and outward 
(on the supposition that the tooth is superior), and a nearly plane face pos- 
teriorly. The inner face is worn flat"by the attrition of an opposing tooth. 


The pulp-cavity is minute or wanting. 


Typothorax coccinarum, Cope. 
Plate xxii, figs. 1-9. 
Proc. Academy Phila., 1875, 266; Ann. Report Chief of Engineers, 1875, p. 1004. 


The pitting of the maxillary bone is not linear, and is sometimes 
round; it is rather remote. The outside of the bone is steep, indicating 
that the muzzle is not depressed. Its face is swollen opposite the supposed 
canine tooth. The alveolz are round and longitudinally oval. The alve- 
olar face is decurved near the end of the muzzle. The superficial layer of 
the cranial and dermal bones is dense and fine-grained. The second series 
of specimens, whose reference is by no means certain, but which contains 
a dermal bone like that of the type, includes fragments apparently of the 
upper surface of the cranium. This is marked with irregular tuberosities 
and excavations resembling that seen in the Belodonts of the Carolinian 
and Wiirtembergian Trias. A section of a narrow dermal bone displays an 
elevated, obtuse, median keel, the only bone which displays this form in the 
collection, the usual form being either flat or slightly concave. Accompany- 
ing the same, are numerous coprolites, which are apparently too small for 
an animal of the dimensions of the type-specimen. They are slender, and 
display rectal folds, which do not exhibit a continuous spiral. They are 
found, wherever fractured, to be filled with the rhomboganoid scales of some 
small fish. 


Measurements. 
M. 
Length of. fragment of maxillary........-...-.-..2----. Shoat eeeeiae 0. 095 
Depthi(oblique) at tnostril:-. = .5. ee eee Saja snore yereners seOGa0 seterein tes 0. 050 


Depth (vertical)at Inostril.. cds di<cane oeeews eer teem ee colar 0. 045 
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Wadth) (median) jats?mostril oo << i; jee pare choi = eycletare GSS A.0O0 TOSS OS05E siofecieftoionye 01020 
Width at trontialveolusi<s.cjs. 24-1) -)eeer- = 55. (s050a CSB eSR Coo ea ane 0. 035 
Diameter:of canine alveolus:: .-+..-- <<..--cie-- ~ BN ave ray nateisioete sence ac 0. 015 
Diameterof another al Veolusear. we leer re sree akeveeee ie poeecenead a Raat sea 0. O11 
Diameter of centrum of (? caudal) vertebra) Bie Re cab ene aaa siuar ue 

Mever ileal cotcemel ta Se eee 105022 
Mincknessolaermaleshiel dirs ersictayetetelors wives Cietiaeiars o iele eis cine cheloisishe: etalon aeeeniars 0. 008 
Measurementjacross, four foss Of-SAMEC: j-.<.a0:.22<- cleo eo os) jeclsinek emic® eine 103020 
Diameter of crown of tooth No. 2...-.. SSIs EO Mama eee Con aonn son oe 0. 018 
Length of coprolite of No.2...........-.- F wions SI NOTE ei seleleene eile Sere enels Sacre 0. 045 
DIAMeterZolCcoproliterOLyNOnd str. so clelevc cis sae tsicietreet -ootis HAE ees eee 0. O11 


The flat and regularly-pitted dermal bones distinguish this genus from 
Belotion. The species was of large size, the cranial fragments equaling 


corresponding portions of the Gangetic gavial. 


Cass? 
DYSTROPHAUS, Cope. 


This genus reposes on scanty remains, but which are in good preserva- 
tion, and which present marked characters. The bones consist of the 
humerus, three metapodials, some ?carpals, and the distal end of an ?ulna, 
with a probable sternum and an inferior element of either the scapular or 
pelvic arch, probably the latter. There is also a number of fragments, 
whieh are not easily identified. The specimens were discovered by Prof. 
J. S. Newberry in Southeastern Utah, while acting as geologist to the 
Engineer Exploring Expedition under the command of Capt. J. N. Macomb, 
United States Army. He excavated them from the red and green rocks 
usually referred to the Trias, hence from the same formation which yielded 
the Typothorax already described. Professor Newberry made sketches of 
the bones as he exposed them. They were all, he states, found in close 
proximity, the bones of the limb in nearly normal relation. It is altogether 
probable, according to Professor Newberry, that they belong to a single 
animal. I find nothing to forbid this supposition and much to confirm it. 

One of the most remarkable bones is a broad, flat element, one of whose 
borders is digitate, the processes being long, and separated by deeply entrant 
sinuses. ‘T'wo sides of the bone are broken away, but the others give origin 
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to five digitiform processes. Two of these are larger and longer than the 
others, and externally on the right side is a shorter one. Outside of this 
is a larger process, whose extremity is recurved so as to be subparallel with 
the longer processes, and which was connected with another bone by an 
articular surface. This information is derived from Professor Newberry’s 
notes made in the field. It is probable that this bone is the sternum, and 
that the articulation mentioned is costal. It is not certain whether the 
longitudinal median line passes through a sinus or a digitation; but a pro- 
jection of the surface of the plate, which is probably median, is opposite 
one of the latter. Supposing, then, that the sternum is produced into a 
median posterior process, we find a resemblance to the corresponding ele- 
ment in many birds not heretofore known among reptiles. There are in 
that case three postero-externally directed processes on each side, of which 
the two posterior are free. Another interpretation might be that it is a cora- 
coid with anterior digitations. In this case, the articulation above mentioned 
would be anomalous. The number of digitations is too great for this ele- 
ment, and the space remaining for contact with the sternum is too small. 
Another large flat bone approximates a right-angled triangle in form, 
the length greatly exceeding the width. The right angle is massive and 
produced, and is evidently the point of connection with the other parts of the 
skeleton. The bone is flat on one side and convex on the other, and can 
only be identified with probability with the scapula of a Dinosaurian reptile. 
The large size of the anterior limb, which might be inferred from this 
scapula, is justified by the humerus, which is preserved in almost. perfect 
condition. This humerus is one of the longest, and is distally the most con- 
tracted known in the Dinosauria. The proximal extremity is of the form 
usual in that order. <A short distance below the head, the section is T- 
shaped, with one end of the transverse limb shorter than the other. The 
ridge of which this limb is a section is almost wanting at the head, which 
is thus [-shaped. 'The limb representing the stem of the T, is stouter than 
the others, and forms the summit of a massive column, which soon sinks 
into the shaft. Its free extremity is obtuse and rounded, and, though repre- 
senting the head, does not rise above the level of the other. crests or tuber- 
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osities. The distal extremity of the humerus looks much like that of a 
tibia. It is truncate, and its long axis is in the plane of the tuberosities of 
the head. Its outline is oval, one end narrowed to an angle and the other 
broadly rounded. The surface is roughened with coarse pits. 

The distal extremity of another long bone, most probably the ulna, is 
more robust than that of the humerus. The shaft is-a flattened oval, and 
the articular extremity is a wide and somewhat irregular oval, the greatest 
transverse diameter being nearer one end. The articular surface is rough- 
ened with coarse pits. 

Three metapodials were found in immediate proximity to each other, 
two in nearly their normal relations and one slipped forward. They are 
neither remarkable for length nor abbreviation. The proximal ends are 
truncate and the distal ones convex, but without distinct median grooves 
or lateral angles. Both extremities are moderately expanded, and the 
shafts are contracted at the middle. The external bone is a little shorter 
than the two others, and is more flattened. It has a slightly defined con- 
vex head, with an adjacent prominent but ill-defined lateral crest. The 
larger of the longer bones has a crest at one angle, like that of an olecranon 
process. The proximal end of the same bone is massive, and is trapezoidal 
in outline. The outline of the corresponding head of the adjacent bone is 
triangular. A marked character of these bones is the rough or pitted sur- 
face of their articular extremities, except the distal end of the shorter bone. 
The shafts are solid, and filled with nearly equal coarse cancelli. 

The bones above described are evidently those of a Dinosaurian rep- 
tile, and they present characters which have not been previously observed 
in any other genus of the order. The form of the articular extremities of 
the humerus distinguishes it from the other known genera, especially from 
those of the European Trias. 

The rugose articular surfaces are also peculiar, indicating less than the 
usual mutual movement of the bones upon each other. A. cartilaginous 
cap is indicated, which was probably the element from which the mamma- 
lian epiphysis was derived. ‘The sculpture of the surfaces is coarser than 
that to which epiphyses are attached in the Mammalia. The name.of the 
genus expresses this character. 

3 
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It is altogether probable that this genus embraced terrestrial animals, 
with powerful fore and hind limbs subequally developed. The typical 


species is of gigantic proportions. 
Dystropheus viemale, Cope. 


In the supposed sternum of this animal (which I have not seen, but 
which was sketched by Professor Newberry), a rather small, slender, and 
compressed process projects from near the middle of one of the sides at 
right angles to it. Only two of the lateral processes are represented as 
complete. The longer is subspatulate; the shorter subacuminate. The 
scapula presents three complete borders,—the proximal and two lateral ; 
-but the distal is not known. Without it, the length is two and one-half 
times the breadth. The point of junction of the longer (and perfect) short 
border with one of the long borders is much thickened, terminating in a 
mass of bone which is unfortunately broken, but whose section in the line 
of the end border is a wide oval... From this point, the plate thins away to 
the various borders. The greatest thickness is nearer the border which 
terminates in the enlargement described. This surface is then gently con- 
vex in transverse section, while the opposite one is concave to a less degree. 
It is thicker at the middle than at the anterior border in a longitudinal 
direction. 

The proximal extremity of the humerus is much expanded. ‘The 
greater tuberosity is a huge crest, as prominent as the head, and separated 
from it by a marked concavity, which constricts the mass connecting it with 
the head, thus forming a neck. This concavity extends about one-third the 
length of the shaft. On the opposite side of the head, a similar concavity 
excayates the shaft, separating the internal from the interior ridge. The 
latter is in its middle portion as prominent as the external ridge, and ex- 
tends as far downward. The extensive external face of this part of the 
bone is nearly flat. 


The internal ridge, descending from the head, continues into the poste- 


ao 
oD 


rior border of the interior face of the shaft. The great tuberosity continues 


into the single external ridge of the shaft, which is thus near the middle 
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triangular in section, the base of the triangle internal. The external ex- 
tremity of the distal end is therefore an angle, and the internal a convex 
side, shorter than the anterior and posterior sides. A ligamentous groove 
marks the posterior border of the extremity at a point measuring one-third 
of its length from the external angle. The expanse of the distal extremity 
is not more than three-fourths that of the proximal. The entire bone so 
resembles a tibia as to have induced me to refer it at first to that element. 
The characters of the proximal end are such as to render such identification 
highly improbable. Such reference would also require that the distal ex- 
tremity should have a fore and aft direction, an arrangement incompatible 
with the tibia. 

The displaced metapodial is flattened, and expanded at the extremities. 
One side is nearly flat, but slightly concave in the longitudinal direction ; 
the other side is convex and nearly level in the longitudinal direction. The 
lateral borders of the shaft are thus narrowed. The distal end displays’ a 
convex condyle, and a flat, prominent ala, which is in the general plane. 
The ala is separated from the condyle by a deep groove on the convex side. 
The condyle is a half-hemisphere only, presenting only with the convex 
side of the shaft, from which it is not separated by a constriction. It is 
bounded at its distal edge by an angle, which is a continuation of the 
proximal edge of the ala. The proximal extremity is injured at one angle, 
but, with this complete, would be nearly a regular rhomboid with parallel 
longer and shorter outlines ; the acute angle of the latter being the con- 
tinuation of the lateral border of the shaft. The extremity is subtruncate, 
and part of the surface is irregularly excavated by pits and grooves. The 
transverse extent of the proximal end, when perfect, was probably a little 
greater than that of the distal. 

The two adjacent metapodials are subequal in length, and longer than 
the displaced one by one-fourth the length of the latter. One of these bones 
is throughout rather thicker than the other, although the transverse diameter 
of the shafts is equal; but the stouter bone is considerably more dilated at 
the extremities. The distal end of the stouter bone is thickened in the 
direction at right angles to the plane of the limb; but the chief expansion 
is in that plane. The angle next to the other bone is protuberant, while 
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the other angle is expanded into a sharp, convex crest, or ala. A section 
of this extremity is diamond-shaped, with one of the lateral planes pro- 
duced into this crest, while the corresponding border of the opposite side 
drops down, being represented by a mere convexity of the surface, which 
continues to the crest. The surface of the extremity is irregular. The 
section of the shaft isa broad oval, becoming subcircular near the proximal 
extremity. The latter is enlarged in both directions. It is a rectangle in 
outline, a little extended in the plane of the limb, with one of the angles 
cut off from the corresponding angle to the middle of one side. The long 
side thus left is slightly convex, and ends in an angle. The side subtended 
by this angle is slightly concave, and is approximated to the other bone. 
The opposite side is slightly emarginate near the middle. Its surface is 
very slightly convex, and is irregularly grooved and pitted. 

The more slender of the two bones is but little and about equally 
expanded at the opposite extremities. The distal end would have an ovoid 
section, but for the fact that it is obliquely truncate at the extremity next 
to the other bone. It is convex in the antero-posterior direction and plane 
in the transverse; its surface is grooved and pitted. The side next to the 
other bone is flat or slightly concave at the distal end, and, though thicker 
than the external border, becomes rounded at the middle of the shaft, and 
is again flattened at the proximal extremity. The external border is dis- 
tally produced into an obtuse angle; lower down, the shaft has a thin, 
angular border. The proximal end has less antero-posterior diameter than 
the distal, and is subtriangular in outline; the apex being acute and ex- 
ternal. The surface is flat, and is strongly marked with deep grooves. 
The other surfaces of the limb-bones are smooth, except a few weak ridges 
near the distal ends of the two distal bones. 


Measurements. 
M. 
Length of the part of the scapula preserved. :.......-.00ceeses eres everest 0. 680 
Width at the imid dle:...5.2.35 -5:..,--yhaioe Seans is ciee Selec eee eee eee caer cake 0. 270 
Thickness)atthevmiddle® 2% wie. <2. aim sroiskeiosiele ele alone areola ere eae acreeeerieer 0. 048 
Tiekneéss atthe proximalsan slots Seon ee 2 ce jclaate ce eelenie sane ae seme eile (Sala bei 
Totallength of humerns)... - 2-2. 2. o-ctee= pee ate IOS OCOC ROH ORO ORbdOdOT SO OS 0. 765 
at the head! =... ...c2.- saenousdccasdecs vielale si 0s|0S0 


Diameter of the proximal. end \ atithertaberosities': 2.6 sscicies cise emer Saree dO see 
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pan As temig QULCEO: POSLEMOL ere amas Sob i seine ie vie eines eset 0. 080 
Diameter of the shaft (ETHLISVETSON= se ete eee 2 = yar cole Sec cence =: 0. 078 
er PAE, ‘ aniterO:POSteriOl..2.------- == sess se =nee 0. 085 
Diameter of the distal end ) {raNSVEEse ....--. <--s seed ae ee aes rence ss 0. 145 
Transverse diameter of the head of the humerus....---- --+--++-retecrer tres 0. 160 
ro-posterior ..-.. --~-++-+-+-+-+-- ). 110 

-. fee ee : : anina § santero posterior see 0. 
Diameter of the extremity of the ?ulna Wicnasnersel em tee es eee 0. 150 
Length of the external metacarpal ........0 +--+: eererr cert rt te tttt tt 0. 210 
ett os ANFETO-POSLEPIOL ae cite = ws oe erie alenielete sie seme “= icicles 0. 045 
Proximal diameter \ HADSVCTSG:. coef ech sce he et eee ieee sic \atheas 0. 100 
a ; { antero-posterior ..-.-. «+--+. --s27+erererteret tess 0. 033 
Diameter of the shaft WPANSWELSC. -c25 cee ecscie wie Sates a taeieie lone ei ae ee eri 0. 067 
meee Wee (ANTETO-DOSLENION «= ee iar tect Siecle Sana o's Eee) OR050 
Diameter distally 9 transverse ....-..---------eeeeee steer scneeee sensi 0.115 
Length of the median metacarpal (StoUbeE) moc teen ns s= 7 eines on a4 0. 245 
Diamet ‘malt ANteLO-POSteLiON .--+ 2-662 c-Fes seers eee essences 0. 057 
RaInereEAD TOR AS. \ ETANSVOLSE: o= So aes. sles ce oe ea aleislesisl ee melsenns o 1si° 0. 115 
Diameter of the shaft (transverse). ..-.-.-----. e----2 cess creer erect ecses 0. 055 
: yA ho ( ADLOFO-POSLETION « siaa sini cteiwsoih vw Tarsieg virial 0. 074 
Diameter distally branSVers@wacs soc ete esc cls eo clesiotsio ce ieee > a ricicieiwmgo sins nie 0. 083 
Length of the median metacarpal (slender) aio Sclee = praetor seer 0. 240 
A cet, antero-posterior --.--.------.++-+5 sre rete- 0. 057 
Diameter of the proximal end { LPANSVEERO © ccs nce eers dec eieiclcie © <lelele) aietelatein le 0. 089 
Diameter of the shaft (transverse) ...:-. ---. .---2: --2-+2 settee rete rn 0, 049 
= : f antero-posterior . 2... +. 9: gecesi cin ser 2 0. O41 
Diameter distally UAtranSVerse: ..22- sn 2.\---- BGs Joe E aaah Shc odd oeoone 0. 083 


More than usual interest attaches to this fossil. It is the first one found 
in the Triassic beds of the Rocky Mountain region, and was derived from 
an inhospitable region rarely traversed by white men. The locality is in 
the Painted Canon, not far from the Sierra Abajo, in Southeastern Utah, 
near the Colorado boundary ; latitude 38° 15’, longitude 110°. This canon 
is one of those tributary to the Great Colorado River, and is without water. 
The rock is described by Professor Newberry as the same as that which I 
have identified in New Mexico as the Trias, and is of the usual red color. 
The occurrence of a terrestrial Dinosaurian at that locality tends to con- 
firm the conclusion to which I have already attained, that this immensely 
extended deposit is of lacustrine character. 

Professor Newberry gives an interesting account, in his report to Cap- 


tain Macomb,* of the locality in which the bones of this reptile were found, 


*Exploring Expedition from Sauta Fé to the Junction of Grand and Green Rivers, 
1859, p. 91 (1876). 
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He regarded them as belonging to a Saurian, and adds that he found in the 
same stratum the only fossil shells he had ever seen from that formation in 
New Mexico. These have the form of Natica, “but are probably not sus- 


ceptible of accurate classification ”. 
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Fic. 3.—Metapodials of Dystropheus viamale. 
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THE FOSSILS OF THE EOCENE PERIOD. 


PES CAS. 


The remains of fishes are abundant in the Wahsatch formation in North- 
western New Mexico. The families and orders represented are few, and 
present striking differences from, as well as resemblances to, those of the 
Bridger formation. The predominant family in New Mexico is the Lepidos- 
teide, or Bony Gars, which are also abundant in the Bridger beds; but, in 
the latter, they are associated with equally numerous Amiide and Siluride, 
of which no trace has been discovered in New Mexico. Further, the teeth 
of Sharks occur sparingly in the latter region in the same beds with the 
Gars, while, in the Bridger beds of Wyoming’ this group of animals is 
entirely wanting. 

The remains of Lepidosteide are found everywhere, and in place. The 
teeth of the sharks are always more or less worn or rolled, and are most 
common in a bed of coarse sandstone which lies near the middle of the 
series. This bed also contains the teeth of Mammals, e. g-, Hyracotherium, 
Phenacodus, &e., ina similarly worn condition. Fragments of oyster-shells 
also occur in the same neighborhood; those that I procured not being in 
place as were the teeth. As the Eocene lake is supposed to have been 
fresh, and as the Lepidostei are not marine fishes, it becomes questionable 
whether the Oysters and Sharks are not intrusive fossils, derived from the 
adjacent Cretaceous strata which formed the shore of the ancient lake. In 
support of this view, I may state that I obtained one species, the Galeo- 
cerdo pristodontus, Agassiz, from both Eocene and Cretaceous formations, the 


latter in an unworn condition. In opposition to it, ] may add that the Mam- 
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malian teeth accompanying those of the Sharks are not transported from 
another formation, and there is nothing to show that the origin of the two was 
different. A similar state of things exists in the siderolitic Eocene beds of 
the canton Vaud, Switzerland, where Mammalian bones are mingled with 
Sharks’ teeth. M. La Harpe remarks respecting these, that there is nothing 
to show that these teeth are not in place in the Eocene beds, and no evi- 
dence that they have been transported. The genera of Sharks observed 
by me in New Mexico are still existing (Lamna, Galeocerdo, &c.), and 
are strictly marine. The cause of their occurrence in beds usually 
supposed to be lacustrine cannot be stated; but, as Mollusca are almost 
wanting from the latter, there is no evidence to disprove the supposition 
that the ancient lake had open communication with the ocean, and that its 
waters were, at one time at least, more or less salt. 

The species, so far as determinable from the injured state of the speci- 
mens, are known Cretaceous and Tertiary forms. They are Lamna texana, 
Roemer, and an undetermined Zamna; an Oxyrhina or Otodus, undeter- 
mined ; Galeocerdo pristodontus and G. ?aduncus; and a fragment of a large 
tooth, with straight denticulate edge. These teeth are figured on pl. xxii, 
figs. 18-19. The remains of Lepidosteide come next in order. 


GINGLYMODL. 


Two genera of this order are known from the Tertiary formations of 
North America; Clastes, from the Eocene, and Pneumatosteus, Cope, from 
tho Miocene beds. The former has only been found in the Rocky Mount- 
ain region, the latter in the Kast, in North Carolina. ‘The existing species 
are confined to North and Central America, and belong to two genera, Lepi- 
dosteus and Atractosteus. 

CLASTES, Cope. 


Annual Report U.S. Geol. Survey. Terrs., 1872, p. 633. 


Clastes aganus, Cope. 
Plate xxiii, figs. 10-29. 


This Garfish is represented by a number of fragments of the cranium, 
several vertebrae, and numerous scales, belonging to one individual. Less 
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numerous portions of many other individuals were found, which do not pre- 
sent specific differences. 

The cranial bones of the superior walls are rather thick. Their supe- 
rior surface is thrown into obtuse folds, or ridges, which inosculate exten- 
sively, leaving interspaces of about their own width. The summits of these 
ridges are not ornamented with small plates, or bands, of enamel, as is usual 
in many Eocene species, except in some small dots near the borders of one 
of the thinnest cranial bones. It has occurred to me that this lack might 
be due to attrition; but the character is uniform in several specimens other- 
wise unworn, and with the enamel of their scales in good preservation, so that 
I cannot attribute it to this cause, and have given the species a name in 
allusion to it. About an inch of the basi-occipital bone is preserved. It 
displays the typical characters of Lepidosteus in its projection posterior to 
the exoccipitals and its strong inferior longitudinal groove. It is deeply 
excavated for the spinal cord. 


The vertebree are all dorsals, beginning with the one succeeding the 
basi-occipital. The first is smooth and slightly excavated on the middle 
line below, and strongly excavated for the neural canal. The diapophysis 
is small and subcylindric, and there are two small pits at the base of the 
neurapophysis. ‘The second dorsal has a flattened face below, which is 
marked with several shallow longitudinal grooves. ‘Two stronger ones 
appear below the cylindric diapophysis, and a profound one at the base of 
the neural arch. The dorsals, which follow after a short interruption, begin 
to be a little longer, and have the characteristic deep longitudinal pit on the 
lower part of the side of the centrum. ‘These leave the inferior face as a 
rather wide rib, which widens slightly in the posterior direction. Its sur- 
face is interrupted by a median and one or two lateral grooves. There is 
a deep longitudinal pit at the base of the neurapophysis, and a depressed 
smaller one at the superior posterior base of the diapophysis, and another 
like it at the inferior anterior base. Posterior to these vertebrae, the centra 
become a little longer, and narrower at the articular extremities. The 
median groove of the narrow inferior plane alone remains. The superior 
border of the articular cup is, in all the vertebrae preserved, excavated by 


the neural canal; the excavation of the ball is less marked or wanting. In 
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the anterior vertebrae, both articular extremities are excavated on each side 
below the middle in correspondence with the lateral fossee, so as to produce 
a short T-shape. This excavation becomes less, and disappears on the pos- 
terior vertebree. 

The scales are acute, and the ganoine is entirely smooth. The two 
basal processes are of moderate length. The tube of the lateral line enters 
the posterior border, and issues on the inferior side of the scale at a point 
from two-fifths to one-third the length from the apex. 

In size, this species was similar to that of the Atractosteus ferox of the 
Mississippi. 

Tour species of this genus have been described, and an additional one 
(Lepidosteus simplex, Leidy) figured. The former are the C. anax, Cope, 
C. cycliferus, Cope, in the Annual Report of the United States Geological 
Survey of the Territories of 1872, and C. atrox (Lepidosteus, Leidy) and 
C. notabilis (Lepidosteus, Leidy) in the Report of the United States Geo- 
logical Survey of the Territories, I, p. 189. The C. aqanus differs from 
these in the following particulars: Its ‘“ posttemporal” bone is but one- 
fourth the size of that of C. aax, and is less profoundly sculptured ; it 
has not the ganoid cranial ornamentation and rounded scales of the C. eycli- 
Jerus. The articular faces of the vertebra are more depressed than in the 
C. atrox, and are excavated on their inferior borders in a way not seen in 
that species. In an anterior dorsal of C. xotabilis, the floor of the neural canal 
is convex at the border of the centrum, a character which does not belong 
to any of the vertebrae of the C. aganus. 


Measurements. 


M. 
Thicknessiof a superior cranial bones. sc cette eee eee eee eee eee 0. 005 
{ ; lateralets2 (a. eee ee ete ase 0. 015 
Diameter of basioccipital cotylus 2 vertical ; inediah fee ue ea ee 0. 010 
[tRanSVers@<-. cecicieociemeeise ee sree eer 0. 023 
Wadthrof inferior basioccipital srooveessee-e eee ta eee eon 0. 007 
Gaverticali(median) sec store eek sets ofa anther 0. O11 
Diameter of second dorsal 4 CANS VOLSC bic oto) oer ork -ercineetelerociletteeieee eee) 2 ONO1S 
| longitudinal .............-.-..--.-.----- eee OO1O 

( vertical .....-.-.--- 62-20-0200 oe ee ones 0. 0135, 

Diameter of anterior dorsal J trans Verses eee r ac aia enters aerate rae tateter te 0. 0155 


{ longitudinal ..... EE IIOAE daisienwstel se eicetei seine ONO 
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Width of inferior rib of do. at middle.......... Pata lers arch s sizis oy stetareliatneyS'v-e aie 0. 006 
KGV.erG1 Callemmereretrctsiee (is of: cldacias ta ejefeheietans 0.012 
Diameter of more posterior dorsal J LEBUSVCTSO mete ic he citic siete ei yona si\<h - 0.015 
( longitudinal ........... Su cratgiaiefeeistartoteke 0. 010 
Depth of ganoid area of a scale ..... Ph ity Set iees Ao Enbee cae tas es sfataseneys sa) On014: 
Ibengthiofieanoidiarea of a.scale\... 2. cee sow occ cccieles aieeels aitie faye.) 12 0, 02 
thicknessyotathersamerat the, middle.2 -..1.- <2) ces Mates setae te Sons 0. 0045 
Width between posterior bases of exoccipitals.-...-.....- OS SHAR CAC OCIS - 0. 0085 


Clastes integer, Cope. 
Plate xxiv, figs. 1-16, 
Gar, Cope, Ann. Report Chief Engineers, 1874, p. 592. 

This species of Fish is represented by remains similar to those of the 
last, 7. €.,.by cranial bones, vertebree, and scales. The characters of the 
surfaces of the first and last-named parts do not differ from those of C. 
aganus, but the vertebrae present peculiar features. The inferior face of the 
first vertebra is more deeply excavated than in that species. The inferior 
face of the centrum is not marked with the deep median groove so char- 
acteristic of the corresponding, and indeed of all the dorsal vertebrae of C. 
aganus, being smooth and entire. The lower part of the margin of the 
concave and convex articular faces of the centrum of the same vertebra is 
not excavated on each side, and these borders are nearly straight. In a 
second and smaller specimen, the inferior face is also entire, and the articu-- 
Jar faces are subcordiform and regularly contracted below. The grooves 
of the inferior surface continue throughout the length of the column in the 
existing Lepidosteus of the Ohio. 

The caudal vertebrae of the C. integer present the usual characters of the 
recent species. ‘They have a narrow lateral rib and broad decurved para- 
pophyses; the inferior surface has two narrow approximated ridges, inclos- 
ing a longitudinal pit with the parapophysis. 

The scales are generally smooth, but a few near the ?scapular arch are 


marked with longitudinal linear interruptions of the ganoine. 


Measurements. 


M. 
Length of first dorsal... ... aereveisieloicie a siosnttoic(olotopre state epeseia Teta eielaiereisin ave, 516 is 0.01 - 0.008 
MEH thy AbeMiAdlecce c<ccin. 5, ca.cnc ss BRETTON Rae > Se athib BOOS BEI OC Oe ee 0.011 
VWs theolscentrami ys 25. cicaies'cc ek sce suiciee sere ame Be ajoisi ate Malena ctettereree ad ate 0. 026 


Length of a median dorsal.............-. See eteiers Beisicelepetiatelnsc sat pees ,01o 


42 EOCENE REPTILIA. 


Depth of centrum of same.........--- Sroka alelePatatelateeystatela(eictelateistseeleielstelete aise 0, 012 
enethrof.anterior.caudal: <a c:sic ro csrs meleloin ne sisebereitotelar ie oie aictelekarciewietersieeetele 0. 019 
Width of centrum do. (depressed)........-. a seinelerceceeteisrsts Nelserecisie eleielesioieyeae 0.013 
Length of a median caudal .......... Poses SUDO. 66 Oban aD SUED son5 HD GaddeC 0, 018 
Depthiof ‘same in HONG sae ove eye cere eterole telnet telotele lols stele lolotnietatafelel= elo r=lietoeteeyetoeie 0. O11 
Width:of-sam@rin front 5. cle crreicctaicleleteyeinlnietoteiewieleteleleetaieetee iets cree neraicieieniotere 0. 012 
Length of ganoid surface of a scale............--..-.-- PeGishenecieionie ao dpseias 0, 019 
Depth of ganoid surface of a scale ............ wrote telat eterisereteteieiera cirri tere 0.015 


The points in which the C. aganus differs from the species heretofore 
described are shared by the C. integer, excepting those in which it differs 
from the C. atrox. The entire smoothness of the inferior face of the ver- 
tebral centrum distinguishes the C. integer from that species. 


vel red bed 21h fie 


As is the case with the corresponding Eocene formations elsewhere, 
the most numerously represented class of Vertebrata is, after the Mammals, 
the Reptilia. But three orders are represented, which are all still existing, 
viz, the Lacertilia, the Testudinata, and Crocodilia; the Ophidia have not 
yet been found in the Wahsatch beds. ‘The Tortoises are extremely nume- 
rous in individuals and species, and the Crocodiles only a little less so; 
remains of Lizards are comparatively rare. 


LACERTILIA. 


On several occasions, osseous cranial and dermal scuta of Lizards were 
obtained, but always in such a state of dislocation as to forbid the proper 
identification of the genera and species. They are ornamented on their 
superior surfaces by regularly-arranged tubercles, of a shining substance, 
resembling ganoine, or enamel. ‘The dermal scuta are rectangular, and dis- 
play a fine suture on their borders. 

The species probably belong to the Placosauride of Gervais, whose 
remains have been found in the Eocene of Europe. I give figures of some 
of the fragments on pl. xxxii, figs. 26-36. 
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TESTUDINATA. 


The genera of Tortoises obtained number six. Of these, Trionyz, 
Dermatemys, and Emys still exist, while Plastomenus, Baéna, and Hadrianus 
are extinct, and, so far as known, characteristic of the Eocene period alone. 
The entire number has been found in the Bridger beds of Wyoming. 
Besides the descriptions from the carapace and plastron given below, 
mention may be made of some vertebrze whose correct reference cannot 
now be made. These are opisthoccelian, with well-developed zygapophyses, 
and a solid mass of a depressed-oval form for neural spine. The centra are 
compressed and elongate, and indicate a long tail, as in the genus Chelydra. 
The diapophyses are well developed, and the chevron-facets are excavated 
and continuous with the posterior cup. 


TRIONYX, Geoffr, 


Turtles of this genus were exceedingly abundant during the Eocene 
period in New Mexico. Over considerable tracts, where other fossils are 
rare, these are commonly found. They present considerable uniformity of 
sculpture, and mostly have the coarse character of the Cretaceous species 
rather than the delicate patterns of surface of the existing and many of 
the Miocene species. ‘The only species which appears to be identical with 
those of the Bridger formation is the 7. guttatus, Leidy. 

All of the species are of considerable size, and the bones of the cara- 
pace and plastron are rather thick. The sculpture of the median portion 
of the carapace is in all a coarse, uninterrupted honeycomb; that of the 
plastron is of finer character. To 7. leptomitus, Cope, I refer five individuals; 
to T. ventricosus, two individuals; to T. cariosus, Cope, five individuals; to T 
radulus, Cope, three; and to 7. guttatus, three. Many other specimens are 
not finally classified, owing to the absence of the essential parts of the 
carapace, &c. 

The characters are as follows: 


I. Costal bones with transverse ribs at their distal ends: 
A. The derma] ossification extending beyond the bases of the free rib-ends. 
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Trionyx leptomitus, Cope. 
Plate xxvi, figs. 1-4. 
Catalogue of Eocene Vertebrata, U. S. Geog. Survs. W. of 100th M., 1875, p. 35. 


The costal ridges numerous, close together, and parallel; the hyposternal 
bones pitted, the pits separated by thick ridges or intervals. 

In the typical specimen, the distal end of a costal bone is crossed by 
numerous parallel ribs separated by intervals very little wider than them- 
selves, and which inosculate but little. Eleven of these ridges may be 
counted between the broken extremity and the free border. Associated 
with this specimen is a hyposternal bone, which is especially massive, and 
is convex on the inferior face. The twin gomphosial processes are remark- 
ably short and stout. A smaller hyposternal bone, collected by A. R. Conk- 


ling, of the expedition of 1875, exhibits the same characters. It is unfortu- 


g; 
nately not accompanied by carapace. 

A third specimen includes a number of portions of the carapace. The 
middle portions of the costal bones present the usual reticulate pattern, of 
smaller size than in the 7. radulus, &c., and their distal portions are marked 
with closely-placed parallel ridges, which are frequently connected by 
cross-ribs. The superior layer of the costal bone projects like a roof over 
the base of the free portion of the rib. 


Measurements, 
M. 
Thickness of costal OfsNOs Wisc sos, Jos sic eee seienr ie eee a fatolerotefeate cece 0,010 
Length of fragment of the same.......-. sora hsloisucieteye seep etearerere rotate SiSiet ciate 0.032 
Width of base of twin processes of ienestemel of thevsam eran ete mcte ne - 0.024 
Thickness of hyposternal of the same.......-...-... fetele fostaicters sere io eee e eet ULOUS 


Trionyx cariosus, Cope. 
Plate xxvi, fig. 5-10. 

Systematic Catal. Vert. Eocene, U. 8. Geog. Survs. W. of 100th M., 1875, p. 35. 

This is an abundant species in the New Mexican Eocene. While the 
proximal portions of the costal bones exhibit the usual honeycombed 
sculpture, the distal portions, for a considerable length, possess the longitu- 
dinal ridges only, or with only occasional connections between them. 
The difference between this species and the T. leptomitus consists in the 


relative remoteness of the ridges, which are separated by intervals of two 
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and three times their width. The superior layer of the costal bones is 
produced far beyond the inferior or costal portion, causing a deep longitu- 
dinal grooving of the free border of the carapace. At the sutures, the pits 
are lengthened so as to continue across them, there resulting an unreticulated 
band extending on each side of each suture. 

In a large specimen represented by many fragments, the postabdominal 
bone is thicker than any of the costals, and presents a rather short free 
margin round its lateral extremities. Its surface is simply honeycombed, 

The hyposternal of the first specimen is flat, and presents a rather 
irregular reticulate sculpture medially. 


Measurements. “ 
Thickness:ofidistalendtof firsticostal} Nowe. 2<.-2 6. Sse eee ne vee wes » 0.011 
Length of overhanging free edge of first costal, No. 1...... .-....--.-...----- 0.012 
Thickness of postabdominal bone, No. 2.-.......-. ...-.. esc e cacon ae rersc 0.015 
Antero-posterior width of postabdominal bone, No. 2.............-.-...----- 0.046 
Mhickneéss;of a costalibone:mediall yee. <2: <:<.<ic 15.0 o erciscs oe a eeeicior Derspefevenstare 0.012 
Thickness. of another costal bone proximally ~~... 2sejcei cece eer acisjemjescie 0.007 
Width of another, costal, bone proximally... ..-.- 2... sssececese0 astute sioeiss 0.042 


AA.—The superficial part of the costal bones not overhanging, but obliquely contin- 
uous with the free rib-extremity : 


Trionyx radulus, Cope. 


. Plate xxvi, figs. 11-16. 
Loe. cit., p. 35. 


This turtle is nearly allied to the 7. cariosus. As in it, the proximal 
portions of the costal bones and the vertebral bones are honeycombed, 
while the distal parts of the former are parallel-ribbed. Five to nine of 
these ribs can be counted from the free end. They are not closely placed, 
being narrower than their intervals. The size of the species is the same as 
that of 7. cariosus, but the costal bones are more uniformly thinner. 


Measurements. 
M. 
Width of a costal bone, No. 1..... HR tae ein rice, toca S Sekt Gow ubled berks 0.044 
Thiekmess/otvarcostal, bone; INO. 1 c.cee <1-)e lores eae seiieievoie sislace te piste is\sterei ord) 0.006 
Writthvor awvertebral bone, NOsk naa... se-s0 ee aesce Somes a slale winclee'sl cowie 0.029 


Trionyx ventricosus, Cope. 
Plate xxvi, figs. 17-23. 


Represented by portions of three individuals from the collections of 


45 EOCENE TESTUDINATA. 


1874 and 1875 respectively. The sculpture of the carapace of these differs 
from that of the other species in consisting everywhere of close and rather 
fine vermiform ridges, which are frequently interrupted, and as frequently 
inosculate. Some of the associated fragments have a tubercular appearance, 
while others are reticulate in a small pattern. The accompanying hypo- 
sternal bone is characterized by its downward convexity and the thickness 
of its external free border. The twin gomphosial processes are short and 
stout. The sculpture is in parallel wrinkles, which inosculate sometimes, 
and are sometimes interrupted. 

While this species approaches slightly the Trionyx leptomitus in the 
sculpture of the distal part of the costal bones, and the form of the hypo- 
sternals, it may readily be distinguished by the totally different sculpture of 
the latter, and of the proximal part of the costals, and by the beveled edge 
of the superficial layer of the carapace, which does not overhang the free 
end of the rib. 


Measurements. 
M. 
Width, ofa, costal bone-proximally. - 2... <cse vjelieiee elnjoio/eia ciemnjswre eevee miveineres 0.025 
MhicknessrokaicostalMbone We wave. cssin se waste ne clo rcia ise eke mele etter teeereeiere te 0.007 
Thickness of a costal bone distally. .... xis tafet Se laayelersislalette ioe cievereietele baclete ote eters 0.008 
Thielsnessiofa hy posternal bonerdistallyca.- sce. cts Sexes cee = ele cis wee = eisai 0.008 


This species is smaller than the others, but very stout. 


Ii.—The pitted sculpture of the costal bones extending to their ends: 
Trionyx guttatus, Leidy. 


Trionyx guttatus, Leidy, Report U.S. Geol. Surv. Terrs. (4to), p. 176, pl. ix, fig. 1. 
T. uintaénsis, Leidy, Cope, Syst. Catal. Vert. Eocene New Mexico, U.S. Geog. Survs. W. 
of 100th M., p. 35 (not of Leidy). 


The distinguishing character of this species is expressed in the above 
definition of section II. To it must be added that the distal ends of the 
costal bones are beveled regularly to the free rib-extremity. 

Almost the entire carapace of one of the individuals of this species was 
obtained by myself. The pitting is uniform and without interruption, 
extending even to the sutural edges of costal bones. It is strong on the 
vertebral bones, but, near the distal ends of the costals, becomes obscure; the 
border itself being smooth. The ribs separating the pits are coarse, but not 
so wide as the pits. From the suture of the first costal, it is evident that 
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the nuchal was large and thick, and that it underran the costal, forming a 
beveled suture. Costal capitula wide. The costal bones are scarcely 
thicker distally than proximally, 7. e., from 7 to 9 millimeters. 

I originally referred these turtles to the 7. wintaénsis of Leidy, but now 
believe that they present rather the characters of the nearly-allied 7. gutta- 
tus of the same author. Both have been found in the Bridger beds with 
the T. heteroglyptus and T. concentricus of the writer. 


PLASTOMENUS, Cope. 
U.S. Geological Survey of the Territories, 1872, p. 617. 


The structure of the skeleton in this genus remains incompletely known 
in spite of the abundance of specimens which I procured in the Eocene 
beds of New Mexico. As already stated, it is allied to the genus Trionyz, 
but differs in some important points in the bones of the plastron. The 
hyosternal bones which I have seen in P. multifoveatus and P. trionychoides 
are generally like those of Trionyx, while the hyposternals, if I have cor- 
rectly identified them, differ materially. These elements are preserved in 
the two species named and in P. corrugatus, and here they display a trans- 
verse width behind the inguinal region more like an Emydoid than a 
Trionychoid genus. The inguinal border is thickened, and at the bridge 
somewhat recurved. In P. corrugatus, there is a fontanelle at the supposed 
postabdominal suture, as in Trionyx, while there is no indication of one in 
the P. trionychoides. The hyosternals also display a more completed ossifi- 
cation than in Trionyz, in the fullness of tne borders between the internal 
and external digitations. Thus, in P. mudtifoveatus, the internal border is 
regularly convex, and the processes for the episternal bone scarcely project 
beyond it. The external digital process projects more extensively, while 
the free ends of the ribs extend little or not at all beyond the border of the 
carapace. Among the various remains from Wyoming and New Mexico, 
no marginal bones have been found. . 

Portions of the skeletons of the species of this genus are very abundant 
in the Eocene of New Mexico. Though one seldom obtains an entire 
carapace or plastron, the form, size, and sculpture indicate that the remains 
belong to several species. The figures, composed of ridges, pits, ete., 
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variously distributed, are often quite elegant. The species do not attain the 
average size of the 'Trionyches of the same era; but the P. communis, P. 
lachrymalis, and P. multifoveatus exceed in dimensions the living species of 
North American waters. 

The species above named, in which the sternal characters are evident, 
are the only ones which can certainly be referred to the genus; but several 
others from the Eocene beds can with much probability be referred here 
also, the whole number being eight. Four species from the Fort Union 
Cretaceous beds have been referred to Plastomenus, but, as already remarked, 
as a provisional arrangement until their structure is better known. The 
P. thomasii is also of uncertain reference to this genus. ; 


JI. Surface without welts, or with the sculpture thrown into ridges: 
a. No ridge-lines: 


Surface with sharp, fine wrinkles.....-............- Soudasasun P. corrugatus. 

Surface with more remote wrinkles, little inosculating....... P. trionychoides. 

Surface honeycombed with thick, inosculating ridges........ P. multifoveatus 
aa. Sculpture thrown into ridges : 

Surface coarsely honeycombed with fine ridges ...... SoRoHedsBOsC P. fractus. 


II. Sculpture interrupted with solid welts; pits small or reduced to puncte: 
Surface with transverse ribs separated by one or two rows of pits. .P. serialis. 
Welts few, oblique, separated by numerous pits--.....--..----. P. communis. 

Welts broken up into short ridges behind; intervening surface 
PUN ClALO ence aries cays ls Seniesa Frei als cine Se aletaraialsieelcie P. lachrymatlis. 


Welts represented posteriorly by tubercles separated by smooth 
surface ; anteriorly unbroken, the surface punctate.......-..-. P. edemius. 
Of these species, P. corrugatus, P. multifoveatus, P. fractus, P. serialis, 
P. communis, and P. lachrymalis have been found in the Wahsatch beds of 
New Mexico; and the P. trionychoides, P. multifoveatus, and P. wdemius in 


the Bridger beds of Wyoming. 
I.—Carapace with ridges which inosculate less or more : 
Plastomenus corrugatus, Cope. 


Plate xxv, figs. 20-26. 
Catal. of Eocene Vert. of New Mexico, U. 8. Geog. Survs. W. of 100th M., 1875, p. 35. 


Ridges fine, inosculating less; no welts. 
Remains of six individuals are provisionally referred to this species ; 
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but they present such variations in size and sculpture as to render further 
investigation necessary. The degree of inosculation of the ridges evidently 
differs much in different parts of the same carapace, but no portion of it 
presents the open honeycomb pattern of the P. fractus. The typical indi- 
vidual is, however, represented only by a hyposternal bone, and portions 
of carapace are only provisionally associated with it. This bone is orna- 
mented with sharp, raised, narrow ridges, which are straight or vermiculate, 
and which inosculate but little. The broken base of the bridge is particu- 
larly stout, and the thickening continues within the inguinal border to the 
postabdominal extremity. The inguinal edge is thinner, and is incurved at 
the postabdominal gomphosis. 


Measurements. 


M. 
Thickness:of hyposternal at middle... <2... 52-222 62s. comes eee cee oe -<s 02007 
Mhicknessiotehyposhernalsatsbrid POs ece.cie mice aati. ste “oie == eae teste = een ia - 0.009 
Sevenerid Csi CASULO ere ap ees crete cep sfevolo weet a aoe 18s. ini s eae E ete ate srnioia's 0.010 


Plastomenus multifoveatus, Cope. 
Plate xxv, fig. il. 
Plastomenus multi foveatus, Cope, Anu. Report U.S. Geol. Surv. Terrs., 1872, p. 619. 
? Plastomenus catenatus, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. 
Survs. W. of 100th M., 1875, p. 35. 

In this species, the pits of the sculpture are smaller on account of the 
increased thickness of the separating ridges. These inosculate more or less, 
according to the portion of the carapace. There are no welts. Thickness 
of a costal bone (type of P. catenatus), 0.004. 

Portions of this species from Wyoming were originally referred to the 
P. thomasii; but the individual to which they belong has much wider hypo- 
sternal bones in the antero-posterior direction, while the hyposternal of 
P. thomasii is more like that of a Trionyr. The New Mexican specimen 
presents some differences, but it is uncertain whether they are specific. 

Plastomenus fractus, Cope. 
Plate xxv, figs. 1-219. 
System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 35. 

Five individuals in a fragihentary condition represent this Turtle, and 
present greater uniformity of character than some of the others. The 

4GR 
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sculpture is a honeycomb, where the fossee are wider than the separating 
ridges, which is traversed at intervals of two or three fossee by elevated 
lines, which are transverse or oblique to the long axis of the costal bones 
as they are situated in the carapace. These lines are elevated portions of 
those separating the fossxe, and hence differ entirely from the smooth, thick 
welts of the species of the genus which follow. They are usually zigzag 
in their course, as defining the pits, and sometimes inclose small pits. The 


vertebral bones are strongly pitted. None of the specimens indicate large 


size. 
Measurements. 
M. 
Widthof-avertebrals bonessccee eee ee eee eee eA feta a eye CRE eo etree 0. 032 
Widthvof costal, boners ince. A eoers cre ee ets oe Oe eee Erne 0. 022 
Thickness of the: same: 22 se.se0 eae Saeco eee Eee - 0.005 
Interval between two raised lines......-_---. REASON ERT ONS BOS Aas sae Nees OL 00% 


IL. —Sculpture coarsely or finely punctate : 
Plastomenus communis, Cope. 
Plate xxv, figs. 1-6. 
System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. 100th M., 1875, p. 35. 

Carapace coarsely pitted in transverse lines, the surface crossed trans- 
versely, obliquely, or longitudinally by uninterrupted welts. 

The typical specimen of this species is of considerable size, and 
embraces the greater part of the carapace in a fragmentary condition. 
There are portions of three other individuals of similar proportions, and 
parts of four other smaller ones. Of the latter, two, which I refer to as 
var. II, are disproportionately thin, so as to occasion question of their 
proper reference here ; while two others, still smaller, are relatively stouter, 
so as to render it probable that they are young animals of the P. communis. 

The typical specimen, as well as the stouter ones referred to it, is 
characterized by an increase of thickness to the free border of the carapace, 
which is unusually obtuse and heavy. No rib-extremities project beyond it. 


Measurements. 


M. 
Waidthzot-a.costal’ bones...) -siseer. ee eee Jee ete Ren Tare ie thre tepeees Shee 0. 044 
Thickness.at the border of the same: s.s-4-1-. tee eee eee ea See ORTS 0. 012 
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WV thot a COStali DONG OL tanSMlallncurbl @ereeteerieemisteei's os cie.cieis olerec si en ses ole 0. 020 
Mhickness ofa the;sametscer ocean eens aise ae eivaicde oleieisincte: 0. 005 
DT OUST Ean aws wim obeco ons dao anode So dddc Sddcco casa eosC enous DoOUunaSoes 0. 01Q 
Wid thvot-a: costal bone.ot ohexthinerormrcic teehee stele) oss fe sonsts- else 0. 025 
MHicknessrOMEHeE SAMO a vmsciere ie hots Sate ee aoe ieee ile eo ericis loka At cee ere 0. 005 
TEKS TOUS TMen as oho OAGe Git Ak eOe nse ROMER U COGS ON. Ser oot taneae Gece Soe OL OLO 


Plastomenus serialis, Cope. 
Plate xxv, figs. 8-10. 

Costal bones having the sculpture regarded as definitive of this species 
were found in five different localities; but, as they were found isolated, the 
other portions of the skeleton cannot be satisfactorily determined. 

The species is readily distinguished by the closely-placed, subparallel 
ridges which cross the ribs parallel to the axis of the body, which are sepa- 
rated by one or two rows of impressed dots, or small fossee. In some speci- 
mens, the latter are obsolete. 


Measurements. 


M. 
Winn o fea COSbaAl DONE, INO: 1: cs ssc ste tec ghetsweicialeteiietelis ele © ole eines ohalo Pal ofetst=ie <2-l= f= 0,027 
PDT CN ESSHOLMN GSA Ml Owes ce roe cise ses > elove Sparel ets) See sciences ey eT tose 0. 005 
MOUTEAN CHAT ALTCLOSS:TIDSGIM crocs. sree oes ce ein! ale are siepeic: e.ciera, atohalsienennreteetaterioteral egsi-t= 0.015 
WA dithinotvarCcostaly DONDE y NOs 2). a saveis:<s1st ss 5 atarortt ote eve! ol him orn ley petelete laitaier ae ees lel= i= 0.018 
Te KNESSTOMMTN Ge SAIN Gee cite ct ccassiee fiotere-ccicu soc aie « jrers s cincis esate teietciarsis etait 0. 003 
Mhreerandeath al LACrOSS TDS Wve sisteperer Secclroat | ices oncie 2 a eee eetocis ye 0. 009 


This is the species which I described in the Systematic Catalogue 
of the Vertebrata of the Eocene of New Mexico under the name of 
P. ?thomasii, a provisional identification not justified by further exami- 
nation. 

Plastomenus lachrymalis, Cope. 
Piate xxv, fig. 7. 
Report on Vertebrata of New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 15. 

Costals with finer pits, the welts broken into tubercles posteriorly. 

The largest species of the genus represented in the Eocene of New 
Mexico. The costal bones are rather finely punctate, the posterior as well 
as the anterior. The anterior costal bones are crossed by numerous ridges 
from side to side obliquely; the obliquity increasing posteriorly. On the 
posterior bones, they are broken into vertical bars, separated by consider- 
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able intervals, and of linear form. The posterior costals reach a thickness 
of 07.006 and a width of 0".025. 

The pitting of the posterior part of the carapace distinguishes this 
species from the P. wdemius. 


But one specimen obtained. 


BAINA, Leidy. 
Baéna arenosa, Leidy. 
Plate xxiv, fig. 32. 
Report U. 8. Geol. Surv. Terrs., i, p. 161. 

One specimen obtained, which consists of the middle transverse portion 
of a chelonite, the only one procured by me in New Mexico. It exhibits 
the characters of specimens from the Bridger beds of Wyoming in the 
longitudinal and oblique ridges of the vertebral region and flared postero- 


lateral border of the carapace. 


Measurements. 
M. 
Po tall wid GH ais fel lers erence tes oleps honey Pn CTR a ave Terr 0. 245 
Depthiat wmiddley.cs5. cts, Sa seisie is weld eee ere teal ee eee eee aes 10) 


DERMATEMYS, Gray. 
Baptemys, Leidy, Report U.S. Geol. Sury. Terrs., 1873, p. 154. 
Dermatemys costilatus, Cope. 
Plute xxiv, fig. 32. 

System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 36. 

Six individuals contribute fragments to our knowledge of this species, 
but without the completeness desirable. The species is essentially char- 
acterized by the presence of an elevated but obtuse rib, which erosses the 
costal bones at right angles to their length. As costals with all degrees of 
definition of the rib are preserved, I suppose that it disappeared at the 
middle of the carapace, or only existed on the posterior portion. Associ- 
ated with the costals are vertebral bones, with a similar but more pronounced 
rib on the median line; this, also, is faint or wanting on associated verte- 
brals. I therefore suppose that this keel, also, is confined, as in the 
D. vyomingensis, to the posterior extremity of the carapace. Other portions 
of the skeleton are of uncertain reference; but there are associated, in four 
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of the specimens, portions of plastron with the free borders marked by a 
broad, smooth band, which thickens inward to an abrupt, descending 
margin. The surface of this border is regularly marked with parallel, 
obtuse ribs. The vertebral bones on which the median rib is obsolete have 
their lower surface produced in a projecting point on each side of the rather 
narrow excavation for the extremity of the vertebra which precedes each. 
The size is about that of the Dermatemys vyomingensis, and the robustness 
of the bones similar. 

The reference of this species to the genus Dermatemys is provisional 
only, and is based on specific resemblances to the D. cyomingensis, Leidy. 


EMYS, Brongniart. 


Tortoises having the carapace and plastron of this genus were abundant 
in New Mexico during the Wahsatch epoch. Fragments of these portions 
of the skeleton are very commonly found, and not unfrequently the geolo- 
gist meets with them in a nearly entire condition. Materials for the deter- 


mination of two species were obtained by myself in 1874. 


Emys lativertebralis, Cope. 
Plate xxvii, figs. 1-3; Plate xxviii, figs. 1-2. 


Emys latilabiatus—System. Cat. Vert. Eocene, New Mexico, U.S. Geog. Survs. W. of 
100th M., 1875, p. 36, not of Paleontological Bulletin, No. 3, p. 3, and U.S. 
Geol. Survey of the Terrs., 1872, p. 626. 

I found the larger portion of the carapace and plastron of a specimen 
of this species piled together and free from the matrix, and considerable, 
though less numerous, portions of four other individuals of the same, in a 
similar condition. : 

The characters which distinguish this species fromthe Emys vyomingensis, 
to which it is allied, are the following: The vertebral bones are, excepting 
the first, wider than, or as wide as, long; the mesosternal bone is truncate 
behind, and is not crossed by the common suture of the pectoral and humeral 
dermal scuta; the postabdominal bones are divided by a deep semicircular 
excavation behind, which separates widely their posterior apices. In the 
E. vyomingensis, the vertebral bones, except a few of the posterior, are longer 
than wide; the mesosternal bone is angulate behind, so as to be crossed by 
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the pectoro-humeral suture, and the postabdominal bones are much less 
deeply excavated and furcate. The vertebral bones, I have in three New 
Mexican specimens of the Z. lativertebralis, the mesosternal and episternal in 
five, and the postabdominals in three. The characters of the 2. vyomingensis, 
I have verified on numerous specimens obtained by myself in Wyoming, 
and in the figures and descriptions of Dr. Leidy.* In one of my examples 
of LE. lativertebralis, the pectoro-humeral suture creeps over the posterior 
margin of the mesosternal bone, keeping close to the edge, which observes 
its normal transverse direction. 

The following description is that of the most complete specimen. 
Eight vertebral and a nuchal bones are preserved, which, when placed in 
relation, present a vacancy for the third vertebral. The pygal is wanting, 
while the caudal marginal is present. The first vertebral bone is wanting, 
but the outline of its posterior portion is indicated by the bones which 
bound it. Its lateral borders are gently convex, and do not diverge much 
from the similarly convex posterior border. Its length exceeds its width. 
The posterior sutures of all the vertebral bones from the second to the fifth 
inclusive are regularly shallowly concave, the posterior sutures, corre- 
spondingly convex; in the posterior vertebrie, they are bracket-shaped or 
transverse. The antero-lateral angles of all from the second to the eighth 
inclusive are obliquely truncate. The second and third are as wide as long; 
the remainder are wider than long. The sixth is twice, the seventh more 
than twice, as wide as long. The eighth is wider before than behind and 
urceolate, with anterior lateral angles broadly truncated; it is half its width 
wider than long. All of the vertebrals are flat, excepting the pygal, which 
is convex on its median line. The costal bones are of moderate thickness, 
and without sculpture; their capitula are well developed. The nuchal 
bone is thickened, and its marginal portion is not very wide, and is openly 
notched at the middle. The caudal is smaller than the other marginals, 
subquadrate, moderately recurved, and roof-shaped in section at the poste- 
rior border. The costal buttress for the ascending process of the bridge 
is not prominent. On the first costal, it is a slightly-raised sutural face 
near the distal end, and 0.75 of an inch anterior to the posterior suture. 


*Report U.S. Geol. Survey Terrs., by Hayden, i, p. 140. 
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The posterior surface is on the fifth and sixth costals, chiefly on the former, 
where it terminates two-fifths the length from the distal end. The iliac 
sutural surface is rather small, and is situated near the proximal extremity 
of the eighth costal bone, half-way between its borders. It is a subtrian- 
gular tuberosity, with a projecting narrow capitulum directed toward the 
proximal apex of the costal bone. 

The free marginal bones are large, thin, and but little recurved; the 
second and eleventh being the most so. The anterior marginals are very 
little smaller than the posterior. They are all crossed proximally by 
the costo-marginal suture, excepting the caudal marginal. The bridge- 
marginals are thin, not angulate, and but little convex, indicating that the 
body-cavity is not depressed. The angle of the marginals adjoining the 
bridge is somewhat recurved. 

The bones of the plastron are not thick, and are united by rather fine 
suture. The anterior lip is not very prominent, is truncate, and is notched 
just within its external angles. The mesosternal bone is produced anteri- 
orly, while the posterior border is transverse, and the extero-posterior angles 
obliquely truncate. The common hyosternal suture is a little longer than 
the common hyposternal. The posterior lobe contracts distally, and termi- 
nates in two points, which are separated by a semicircular emargination. 
The superior margin of the plastron is thickened at the extremity of the 
anterior lobe in front of a definite line, which extends between the extero- 
posterior angles of the episternal bones. Of this thickening, two parallel 
ribs, which extend to the lateral angles of the lip, are most prominent. 
Behind the episternal bones, the thickening is little marked. The superior 
border of the entire posterior lobe exhibits a wide thickening, with sharply- 
defined inner border, which is most elevated opposite the posterior angles. 

The dermal scuta are well marked. The first vertebral is longer than 
g, and 


S) 
the fourth still wider. The nuchal scutum is distinct, and is notched behind. 


wide, the second as long as wide, the third a little wider than lon 


The gular scuta are longer than their combined width, and they extend 
well on the mesosternal. The humero-pectoral suture is nearly transverse, 
and passes behind the mesosternal bone. The abdominal scuta are longer 
than the pectoral, but not much; the length of the femoral on the middle 
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line is intermediate between the two, while the middle line of the anal is the 
shortest of all. 


Measurements. . 
M. 
heneth of carapace restored in sesce oireetcte ere eat eh tered cleo tele tet ote (ae otek 0,350 
Length ofa costal’ bonesjoncurves> se ot keel eee eee ee 0.108 
Width of thessame medially. saa. sse2 ee Sa < aeel iata ese ole eee ere ener 0.024 
‘Thickness ofthe same;mediallye-- emacs eee Ore eee eee eee ar 0.005 
Width of a marginalinext the bridge: 222 222s = a cre aloha saws ise ere 0.041 
Width iota marzinallof the bridge;on’ curver-e...-s-se eee eee eee eee 0.030 
Lengthof the. same. ‘<3. -ccgsecime see ees secs ce eee eee eet 0.035 
Length of.an anterior free marginale. oases tieckseeoee ae ee eerie 0.045 
Widthof the sam@y 22 <5 -.sa0 so facto ole o seine ccle inacieistere nicl Cieieps eee eee 0.048 
Length of the caudal marginal. ....-. -. BERS AO OR baAe wise Sa fe SRN re ratte eee 0.030 
Width. ofsthesameicy -2..5 sincere a ee oe ee eee Fotrecsae soe Pee 0L030 
Axialilensth’of thethird-vertebraltbone so. 1. es er ieee eer 0.030 
Widthiofthesame2scrnie me once oon. ete Le sen eee een nee eters 0.034 
Axial length of the seyenth vertebral*bone)..2---°= 2-3-2. se nee cision 0.014 
Width of the same .- Resa See Here ae CaS oe SAA sayeteece oes .. 0.040 
Length of the eighth vertebunl pone Be ee TE ee ee Corian ote 0.022 
Widthioithesame: svc oc. cece ere esteem siete ote fae See Se a ee 0.037 
Length of the first pygal v eee bones 2 tase poem core c cee eeeeraeeciee sooe Wat 
Width.of the SAMG.. «1c... cere ieee ee So ee ee eee eee fea 0.029 
Menethvor the plastrom= ss-e-mer-ce esse spb SRS IS REL oot pe eee ete 0.290 
henethvofithe posteriorilobesc a. se cs se se aie ecisye Sey areas sneer loisferersrereereretets 0.110 
Width:of-the same atthe basee.n onccus curse ce aioe ecto eye ere enol cir hier eisai 0.135 
Width iofstbe same between the apices tn reis tlie eed ttre ere tee te 0.045 
hengthioftthe anterior love tee a5 ccncteens mieten eteioae eile erection tere ear 0.095 
Widthiof the sameat theibaser. =. 22sec ee ore oe perce etree one anata rota ttedoiors 0.146 
Width'of theiantertorilips.cc.-2er meee ee eee eee eee a ead chase ees 0.950 
Length of the thickening of the anterior lip...........--,-.-.-. (AURsGs fosgs0 0.035 
Length of the nesosterlums-;.2- <0. we ae lee re ns ee ee ert eee 0.040 
Width ofthe mesosternumis2e. eo en emteie eee iat teria seat efter retetelo 0.059 
hength of the: hyosternal on theimiddle line se. 5 == see ee een eee cree 0.060 
Length of 'the hyposternal on the middle line snc. == esc) eerie clea sie ele le = - 0.080 
Length of the postabdominal on the middle line ...................-.---.--- 0.058 


Two of the specimens of this species are a little larger than the one 
described. A third is much smaller, and some of its vertebral bones display 
afaint trace of carination. There is in some of the marginal bones of the 
small, and probably in the large, specimens, a small pit for a gomphosis. 

This species differs from the Emys gravis, Cope, from the Wahsatch 
beds of Wyoming, in its general light and thin construction. 


| 
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Emys cibollensis, Cope. 
Plate xxvii, fig. 4; Plate xxviii, figs. 3-6. 
- Emys ? Stevensonianus, “ Leidy,” Cope, System. Cat. Vertebrata Eocene New Mexico, 
U.S. Geog. Sarvs. W. of 100th M., 1875, p. 36. 

This species is represented by the imperfect carapace and plastron of 
a single individual, in which some of all the characteristic elements are 
present, excepting the vertebral bones. The general relationships of the 
species are to the Hmys lativertebralis, that is, the anterior lobe of the plastron 
has a distinct truncate lip, and the posterior lobe is deeply excavated on the 
middle line; the superior borders of both lobes have a thickened band, 
which is best developed posteriorly; and the costal and marginal bones are 
without especial sculpture. 

The specimen is below the average size of those of the L. lativertebralis, 
but not sufficiently so to account for the much smaller size of the marginal 
bones, which are also relatively thicker. The lobes of the plastron are dif- 
ferently proportioned. Thus, in Z. lativertebralis, the posterior lobe, measured 
along the median line, is as long as the anterior to the posterior suture of 
the mesosternal bone; in the F. cibollensis, the former measurement consid- 
erably exceeds the latter. This shortening of the anterior lobe of the plas- 
tron is accompanied by other peculiarities. The mesosternum is transverse 
diamond-shaped, the posterior border being nearly as angular as the ante- 
rior. The dermal scuta have an anterior position. The gulars are very 
short, each one being wider than long, and their posterior angle not reach- 
ing the mesosternum. ‘The humero-pectoral scutal suture, on the other 
hand, crosses the mesosternum a little behind the middle, instead of passing 
behind it, as in L. lativertebralis. he thickening of the margins of the plas- 
tron has some low ribs parallel to the border. The osseous sutures are not 
very coarse; the dermal sutures well marked. The marginal bones are not, 
or but little, recurved. The lip of the plastron has a slight notch on one 


side. 
Measurements. 
M. 
Amteroposteriorawidth of; acostal bones sccm .<c\sieic1> © ole clejeisieis oi c  isie cis e's cc's = 0.022 
ThIicknessvorsthewsameviye cs srr ities ae ees eretere ieee eal ceil Bere ere sistas Sk 0.006 
enethrotanposteriondreeymarpinaly «<2 =\ce masse eis cccecs oe accesses 0.030 


MhTIcknNessrOtetMersame: sens tcostees ooo cise mice cies + terete SURE eet ee Wate . 0.009 
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Length of the posterior lobeiof itihesplastron’=-.-e- +. -e eee eee nee oer 0.095 
Length of the anterior lobe, including the mesosternum ........... S Feiss csereieeys 0.065 
Greatest: length.of theiepisternall.2 2.2.12 aeee eee eee erence eee 0.049 
Greatest width of the episternal....................-..- eevee ors ere BEES SO se: 0.052 
Length of the mesosternal ...... dSneuS paSeeoGnesNSed SNSBSOGd SBRERODSCaGedc 0.036 
Width of: the 'mesosternal as: anton eee see eee tenet ee ene See eee 0.055 
Length.of theycularscute 2122s eee eee eee een eee ene en eee ee 0.025 
Width of the lip ..... ROBO SGcuOCnnApSsasate Syoleielr alin chatetetayste pee eee Acetic 0.046 


LEmys euthnetus and E. testudineus,* Cope, resemble this species in some 
respects, but neither has the transverse mesosternum; and, in the former, 
the marginal thickening of the plastron is much narrower. 

HADRIANUS, Cope. 
Proceedings Amer. Philosoph. Society, 1872, p. 468—Ann. Report U. S. Geol. Sur- 
vey Terrs., 1872 (1873), 650. 

This genus represents the Testudinide in the Eocence Fauna of North 
America, and, as such, is characterized by structure adapted for terrestrial 
life exclusively. Three species have been discovered in the Bridger beds of 
e, which resemble each other in the massive marginal bones of the 


= 


Wyomin 
carapace and plastron, and their large size. They were abundant during 
that period. The Wahsatch beds of New Mexico contain no less numerous 
remains of this genus, but which are found in such a fragmentary con- 
dition as to render the identification of the species less exact than is 
desirable. The insufiicient remains at my disposal do not enable me to char- 
acterize more than one species, and do not distinguish this one from one of 
the species of the Bridger beds. Fragments indicate a second species of 
smaller size and more massive proportions than the former. 


Hadrianus corsonii, Leidy. 
Plate xxiv, figs. 36-7. 


Testudo corsonii, Leidy, U. S. Geological Survey Montana, 1871, p. 366; Report U.S. 
Geol. Survey Terrs , i, p. 132. 

Although fragments of this species are abundant, no considerable por- 

tion of any one individual was found. Since the sternal lobes furnish in 

this genus the most striking of the specific characters, I have to rely for 


description on portions of the episternal and postabdominal bones. 


"Ann. Report U. 8. Geol. Surv. Terrs., 1872, pp. 627-628. 


EOCENE TESTUDINATA. 59 


The shovel-shaped angle of the left postabdominal, found in connection 
with numerous small fragments, resembles that of H. corsonii in its posterior 
production. It is thinned on the edges, and the extent of that of the inner 
side shows the median notch to have been deep. The roof-like ridge of the 
upper surface is nearer the inner than the external margin, and rises into 
the thickening which bounds the internal abdominal concavity of the plas- 


tron in this genus. The inferior surface is uninterrupted, and slightly 


recurved. 
Measurements. 
M. 
Length from the internal marginal thickeuing... -........--... 22... ----- 0.105 
Thickness at the internal marginal thickening ........... Meiegiein soe etaers 0. 021 
Widthratithedaundus ofsthe «median moteh 2.2 © 5.2 2. se temic Sie sien ele sini ociee 0. 098 


A second and much smaller specimen may belong to a younger animal, 
or to another species. The posterior border of the postabdominal bone is 
less produced, and the prominent angle is nearer the notch than the line of 


the external border. 
Measurements. 


- M. 
enothirom the:thickening: s2isc. 6. Liste L732) 3) 5 /h. 9 oe eet stale eh toe see 0. 030 
IDYSSOWN ALRAESIGY Sodas neo se Oe Sap aeI ee ecemereno co ooops ocesomoaneEes 0.015 


The episternal lip of another, specimen is of very large size. The 
greater part of the median sutural border is preserved; but the fracture 
reaches the free border near the base of the lip, so as to leave its extent 
uncertain. It evidently projected decidedly, though not so much as in the 
typical H. corsonii. Its lateral border is not at right angles with the ante- 
rior, but passes into it by a bold curve. The inferior face of this portion 
of the bone is convex in both directions. 


Measurements. 
M. 
henr thot thermedian suture: preserved’ sor erent jse == /- ee soley elie aca << 0, 090 
RAICKMESSEAU UL OISAIN Cle =, vps ta lence <ke ete hepa tore ener afar we) atate ioueter th teremeracercteteecers 0.025 
Widihtateines base! Ole bh@mllpe er -cc) sei ees eterereine cyte ela = seis tsiete meets oe tlareit se 0. O85 
Length to the concavity of the external margin (axial)..-.........--....---- 0.035 
Thickness of the border of the plastron near the bridge. ...- eee ete) OL 0ST 


The supposed second species is represented by the omonlar projection of 
the postabdominal of the left side, broken away from the remainder of the bone. 
It presents the external portion of the femoro-anal scutal suture. This frag- 
ment is characterized by its great thickness and the straight and abrupt 
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descent of the superior surface to the margins. The latter are acute and 
not produced nor recurved. This evidently pertained to an animal much 
more robust than the others, and of smaller size. 


Measurements. 
M. 
Length of the postabdominal from the transverse line of the end of the dermal 
SULUTE 4 78.o ee emaictele Soe eine eieiee erie eter petite RAR DODOSE OUOe 0. 060 
Thiekness/at/ the) mid dlezyjas-c 15 aserr ee eeineciis cae caer dSacmosuab 0, 02 


CROCODILIA. 
DIPLOCYNODUS, Pomel. 


This genus, which is abundantly represented in the Tertiaries of 
France, was first detected by me in the Bridger basin of Wyoming, where 
a single species, the D. subulatus, occurs. A second species was found in 
New Mexico by the writer, which presents typical characters in the paired 
canine teeth and broad, overhanging muzzle, in which the nasal bones do 
not divide the external nares. In one of the specimens, numerous dermal 
bones are preserved, and they are without keels. 


Diplocynodus sphenops, Cope. 
Plate xxix. 
System. Cat. Vert. Hocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 31. 


Indicated by a fragmentary skeleton, in which occur numerous portions 
of the cranium and vertebrae; a second specimen includes corresponding 
parts, with more numerous vertebree. In both, the distal part of the man- 
dibular ramus is preserved, and shows two enlarged teeth inserted close 
together, the posterior opposite to the posterior border of the symphysis. 
In front of these, there is an edentulous space; behind them is a series of 
quite small teeth. The dentary bone is quite narrow at this point, indicating 
an acuminate symphysis and muzzle. 

The type-specimen includes the frontal and parietal bones. The 
former united are not expanded, but are about as wide as in Crocodilus 
elliottii, Leidy. The interparietal face is a plane, is narrow, its sharply defined, 
lateral borders including two rows of deep pits. The front is rough, with 
deep pits, which have a transverse direction opposite the postfrontal bones; 
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anteriorly, they are smaller and less pronounced. The lateral olfactory 
ridges of the inferior surface are not strongly defined. The sculpture of the 
lower jaw consists of rather distant, impressed, punctiform pits in shallow 
depressions. A larger mandibular tooth is smooth, and not sulcate at the 
base. 

A cervical vertebra has a short, simple, obtuse hypapophysis, not con- 
nected with the parapophyses. Its cup is a little deeper than wide. Surface 
near articulations smooth. A dorsal, with hypapophysis and lateral capi- 
tulum, has a depressed centrum. The centrum of a sacral vertebra is, on 
the other hand, compressed, and, though this is partly due to pressure, the 
form is normally much less depressed than usual. Fragments of the jaws 
are coarsely pitted-rugose. 

The second specimen is of a larger Crocodile, and presents similar 
characters. The third and fourth cervicals show the hypapophyses and 
parapophyses fused together into a crescentoid mass below the articular 
cup, as in D. subulatus, Cope. In such centra, the cup is a little deeper 
than wide. In a lumbar, the surface next to the posterior shoulder is sculp- 
tured with longitudinal grooves, a character not seen in the dorsals. 

The broken, terminal part of the snout of this specimen is flat. The 
premaxillaries are wide, and extend an inch and a half posterior to the 
nares. The latter are narrowed at the region preserved, and their posterior 
border is notched by the projecting ends of the nasals. The surface is 
deeply, coarsely corrugated at the middle, and becomes smoother toward 
the edges of the maxillary bones. The surface between the anterior angles 
of the orbits is moderately rugose, like the maxillary borders, while the 
superior arches of the cranium are deeply pitted. The posterior part of the 
dentary bone is more strongly pitted than the anterior, and its depth, with 
that of the adjacent part of the angular bone, shows that the external 
foramen is small. 

The greater part of two successional teeth are preserved, in one 
instance in the alveolus of the large maxillary pair. They are neither of 
the short and obtuse, nor of the slender and acuminate type. They are 
but little compressed, and have opposite, low cutting-edges. The surface 


is roughened with rather coarse, undulating ridges. Oue, at least, of the 
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large teeth of the lower jaw is received into a narrow excavation of the 
border of the upper jaw. 
The dermal bones are coarsely pitted, and no one of the seven pre- 


served is carinate. 
Measurements. 


No. 1. 
M. 

Widthiof thesparietal bone cec-.ceese see ee eee een eerie 0, 013 
Width of theifrontalat:thesorbiterree sere arse ee ase eee ec rerce 0. 043 
Depthrof the ramusjabitwocanines sercc-i2 ele eee ee eee 0. 037 
Depthyof the ramus just behindothe same cs -crcs secre ar tye erate ete ie reas 0. 080 
Width of the ramus at the symphysis, posteriorly.-..-.---..:--2...----...- 0. 020 
Length otva, cervical vertebra. 5 eects citseee ce ete Creer See eee 0. 043 

: VerbiCale. yo: reac, sei nctts eee ere ee eee eee 0, 022 
Dee ene cup) WEIN s Sead somQunaaT Bobood poonGu Backed soemsu sd 0Re 0, 021 

No. 2 
M. 

Width ofthe muzzle‘at the caninemotchesne -meercrise eters erteteeteetieiere 0. O74 
Width: of the nares near the posterior border. =. 22202 -. 2. eso slase oe -ee e O1080 
Depth/of,.the mandibulariramus! at-thelcanines)-e seer sere ee eee eeiie eee 0. 044 
Length of the alveoli of the inferior canines together ............-.......2.. 0. 020 
Width of the ramus at the posterior end of the symphysis ..-.....-.......-- 0. 051 
Depthyotvaycervical centrumyin. fronbicace seein ie oie soe eee eee 0.029 
Wad thao tathe! sam ec. ices sate iS tae ote ce even eee ler sora ood Renee aleve pea eres 0. 027 
Dengthofatheysam ers. 0 see or ace alec ieee erie tener semester acer te 0. O41 
eng thtofalambaricen tramps saree ae creee eeeee ie ee ee irate ere eae 0. 045 
Wiadthrofzardermalishieldis 2: cancers soe ee ee eee eee ere oe meee ieee 0, 045 


The size of the Alligator mississippiensis. 
CROCODILUS, Linn. 


Remains of species of this genus are exceedingly abundant, chiefly in 
the upper beds of the formation, associated with Garfishes. The lower 
beds contain the greater number of Mammalian remains, with a smaller per- 
centage of Crocodiles. The latter do not include any Gavials, and resemble 
in some degree those of the Bridger group; some of the species being prob- 
ably identical. 

The New Mexican species are naturally divided into those with flat 
frontal bone, with the inferior ridges little developed, and those in which 
the interorbital region is bounded below by strong orbital or olfactory 


crests. In the latter, the superior plate is narrower and thicker. 
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Crocodilus grypus, Cope. 
Plate xxx. 
System. Cat. Vertebrata Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, 
p. 32. 

Established on remains of two individuals, which are in a fragmentary 
state, including portions from all parts of the skeleton. The teeth are of 
unequal sizes, and are round in section in the anterior half of the jaws; are 
conic and compressed at apex, curved, and with delicate opposed cutting- 
edges, which extend to the base of the crown. The middle of the length of 
the crown is delicately rugose-striate in young teeth. A large tooth occupies 
a position a little anterior to the lateral notch. In the lower jaw, a very large 
tooth occupies a position opposite the posterior extremity of the symphysis; 
the latter marking the middle of the alveolus. Three teeth of much smaller 
size follow posteriorly in close succession, and are followed by a fossa to 
receive the apex of a superior tooth. The ramus is wide at the symphysis. 
The extremity of the lower jaw supports a large tooth close to the symphysis, 
which is followed by one of half its diameter. A part of the posterior 
outer side of the ramus is deeply pitted. 

In the second specimen, a part of the frontal bone shows that part of 
the cranium to be deeply and rather irregularly pitted. The orbital border 
is wide and shallow, and the lateral olfactory ridges not prominent. The 
inferior ridge of the frontal which bounds the face of contact of the alisphenoid 
has a somewhat different position from that which it holds in C. grypus and 
D. sphenops. Here it extends anteriorly ‘to a point in advance of the post- 
frontal bone; there it only reaches to opposite the anterior part of the same. 
Here it is stronger, and the excavation of the surface on the side next the 
postfrontal is deeper. There are three larger teeth on the median posterior 
part of the mandibular ramus, which is there rather slender, and but little 
rugose. The premaxillary bone and tooth are as in the first specimen. 

Another series of fragments perhaps belonging to the same individual 
as the last, includes numerous vertebree and other skeletal elements. A 
cervical vertebra has a prominent hypapophysis with long base, which is free 
from the parapophyses. There are rugose lines between the latter and the 
edge of the cup. The dorsals have a hypapophysis with short base, and 


have a prominent shoulder with smooth surface-bone. In the articular cups, 
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the transverse slightly exceeds the vertical diameter. The caudals are of 
moderate length. The condyles of the femur are of unequal size, and the 


head not expanded. 


Measurements. 

No. 1. M 
Width of the ramusiat the symphysis=.- sesso ee ese see nieeeer entre 0. 030 
Diameter of the large alveolus at the symphysis-...........-...--..-.--.--- 0. 015 
Length of the bases of the four teeth following .-................-....-...- 0. 029° 
Diameter of the large premaxillary tooth ...... PIN Soo Aa eR ata Ae A 0. O10 
Diameterof the: anteriorlowerancisore. 4-2 eeeee eee ee eee eee eee eee 0.013 
Width of the ramus at the second incisor -..:...-.......-..s--+-+ -sseceeeee 0. 031 

No. 2. 
Width of the frontal bone above the orbit to the inferior groove..........-.... 0. 020 
Depthiof.thewramusmhehindsmiddletsec.s46- cee oe eee eee ee 0.032 
bengthiotythe cervicalavertebrarcaas- eae) se- cee ene ee eee eee eee 0. 038 
Wad thvatethe:articularsballassseeiicmercite eset cee eer eee Rereicvedstereclere 0. 025 
hengthyvot‘a. dorsal ao sz se secre ele ee eee eee ee eee 0. 037 
Widthyatsthe articuiar cupe.- ssc: aes eee ens cet rere 0. 025 
ength\ot arcandal\s22 2 o2& ses onto eect renee eee eae 0. 043 


In comparison with a common large species of the Bridger formation 
from Wyoming, which agrees with such characters as can be found in the 
description of C. affinis, Marsh, T find the position of the large mandibular 
tooth is quite different, it being considerably anterior in the Wyoming 


species. The first incisor tooth is also less enlarged in the latter. 


Crocodilus wheelerii, Cope- 


Plate xxxi, figs. 1-5, 
Syst. Cat. Vertebrata Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p.33. 


This Crocodile is known from remains in the same fragmentary condi- 
tion as those already described. There are numerous portions of the 
cranium with vertebre. 

This species is at once distinguished by the relative width of the inter- 
orbital portion of the frontal bone, and the slight development of the 
lateral inferior ridges. The pitting is relatively smaller than in any of the 
other species, numbering five or six rows on the parietal region. There is 
a smooth border of the superciliary edge. The frontal has a narrow anterior 


prolongation between the prefrontals, longer than in “C. affinis,” and without 
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the transverse impression preceded by a smooth space seen in that species. 
The pitting is, on the other hand, gradually reduced toward the nasal region. 
Other cranial bones are strongly sculptured. A portion of the maxillary 
contains teeth. These are robust, with slightly compressed, obtusely conic 
crowns, with rugulose enamel. 

A cervical vertebra is elongate, with the short hypapophysis free from 
the parapophyses; its ball is subcireular. 


© Measurements. 
Length of the frontal bone (10 millimeters supplied) . - 2, eee sistas a.aveie 0. 130 
Length of the anterior production of the same-..... 222+. .---2+222--20005 0. 053 
Widthiofthesameattront Of the Orbits sae 2 2°. <tc. ot fin nie aiere 212 o1eyseie es we)sl° 0.037 
Width of the same posteriorly to the inferior groove.........---.-...--.-.e0 0.030 
Depth of the mandible at the cotylus .......... Boonecesos prasccbaaSdouonee 0. 053 
Hhenmthiote arcervical, werbe Dias -s.shiacle @ fre one ante ne See ee Seisteeeiciere §55'0k045 
Waidth<andidepth: ofthe balltol theisame wc. castites ciceie cc ciecisce eisietecte ss = sy-0s 0. 025 
Men mbhyo tye UM DaPirs cee ina sis oss 2.05 ste, obisi0) « Sislsleioie siaewieisie shes lease isasls ie averse On OL, 


The size of this species was equal to that of the fully-grown Louisiana 
Alligator. 

This Crocodile is named in respectful recognition of the services to this 
department of natural science of Lieut. George M. Wheeler, directing the 
U.S. Geographical Explorations and Surveys west of the One hundredth 
Meridian. 


Crocodilus ? elliottii, Leidy. 


Plate xxxi, figs. 6-17. 
Report U.S. Geol. Survey Terrs., i, p. 125, pl. vill, figs. 4, 6. 

With this species, we enter the second group of the genus above noted, 
where the frontal bone is stout, and furnished with prominent inferior ridges. 
The specimens referred provisionally to the C. elliottti embrace cranial bones 
and teeth, but I do not consider the reference final. 
~~ The frontal bone is wide between the orbits, where six round pits can 
be counted in a somewhat irregular transverse line. The prefrontals extend 
backwards, and contract the frontal, so that between them only two pits can 
be counted. A fragment of the left premaxillary shows the muzzle to be 
flat, rather narrow, and strongly pitted. A tooth in a fragment of the jaw 
presents a short, obtuse, compressed crown, with finely striate enamel. 


5ER 
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Measurements. 


M. 
Length of the frontal between prefrontal and parietal sutures. .... wisleletleletraven LO AOLE 
Width of the same between the orbits): .-< -- senso -soee eee sce ee ee nee aosoo Ub Cb; 
Width of the same between the postfrontals........2-......- Speasodasccseos - 0.037 
Thickness of the same between the prefrontals ......--..--..-....2-.0- Saco WET. 
Thickness of the same between the postfrontals..-.--- 222-2. ....escecsccucee 0.011 
Elevation of the crown of the tooth............-.... Seeley eisai semere 0.010 
Long diameter of the crown of the tooth .................. Bachna vereverctatey te crete 0. 010 


Numerous bones of the skeleton of another smaller specimen were 
obtained, the proper reference of which is uncertain, aseit does not contain 
the portions which define the species as above described. Thus the superior 
cranial bones and the terminal portions of the jaws are wanting. The pos- 
terior parts of the jaws show that at least four of the mandibular teeth pos- 
sess the very short and oval crowns seen in the “Alligator mississippiensis and 
Crocodilus heterodon. As in these, they are divided by a low, longitudinal 
edge, from which fine grooves diverge on each side. The crowns become 
more acute anteriorly. One of the large teeth has the short obtuse crown 
characteristic of C. el/iottii, and quite different from those of C. grypus. The 
quadrate bone has a characteristic form. It is not so thin as in the C. 
wheeler, and lacks the ala of the inner side seen in C. chamensis. It differs 
from that of the species here referred to C. ?liodon in having the condyle all 
in one line, and not presenting an upward direction of the inner extremity. 
The pneumatic foramen is distinct. The centra of the dorsal vertebra pre- 
served are moderately depressed. 


Measurements. 


M. 
Extent included by last four mandibular teeth........-......2...--- Aesresce 0. 040 
Length of the crown of the penultimate of the same. ..........0-..-. 0. 00000- 0. 009 
Height of the crown of the penultimate of the same............... ........ - 0,005 
Length of the condyle of the quadrate bone --..........-.....---.2<..022-0- 0.040 
Depth of the quadrate bone at the middle of the condyle.....-............- - 0.012 
Kengthiof acervical.vertebra-:- ss2ecs55-ee cca e eee ee eee eee eee eee 0.035 
> engthvofa dorsalivertebras j- scence nce ee oe ee eee eee 0. 030 
Depthiot the cupiofithe sameren- pee aceices eee eeee eee ee eee eee seers 0.017 
Wiadthiofithe cup Of. the samé= easeemeec cet eae ee eee eee ee ee ee eee eee 0.018 
Width of the centrum, including diapophyses ...........--...........-. selon OCS 


The dermal scuta are articulated, and with coarse pits. Several of 


them have a median thickening which represents a keel. 
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Crocodilus ?liodon, Marsh. 
Plate xxxi, figs. 18-23. 


Amer. Journ. Sci. Arts, 1871, p. 404. 

Two individuals which agree with the description cited in the depressed 
form of the centra of the dorsal vertebrae, the articulated dermal scuta, and 
general proportions, are not accompanied by cranial bones, excepting a por- 
tion of the parietal. This displays three larger or four smaller pits between 
the temporal fossze. The odontoid bone is elongate. The centrum of the 
axis is much compressed, and is strongly keeled on the median line below, 
being without lateral longitudinal angles. In an anterior cervical vertebra, 
the hypapophysis is connected by a lateral thickening with the parapophysis, 
while in a posterior cervical this connection is wanting. The centra of the 
lumbars are not compressed ; sacral entra depressed. 


The specimens are of rather small size, and one of them is adult. 


Measurements. 


M. 
NAT Gta AWA C Uh eiae:< os) ererausse e815 Ee MIN et So COMO OE CR oan nce 0.015 
ZATIO LAUUNICEMOSS tothe ata sav ossiettei</= fas) orere (a scvale aia oneys eee eee eet ether Saaek clavate - 0.010 
Width of end of quadrate condyle............-.... Peon pour oes abe SAC SHDN AD 0. 025 
ROT CEMESS OPEN E SAIC rps ala aap ain oie tage ce. wp evevers ie eeretot esto tote aie afale eerie ioislc © ietcle ime 0.010 
enpthrofsthe axis, with’ OdOntoid -.-.< 20: crysunemierteiiecies seer. ice se erste HOS OLO 
HED TNO fCOLSAll SPs ca tahnic toys as, wrctesat's aie soe Sicre eee eRe te eiaerateio yee RT iereieees coe 0. 029 
ANAC hRVOEC Lonel Wels Reema c meee ARS Set aEcoo codon cot eHO Ose CIC OOCES HAUe 0.017 


Crocodilus chamensis, Cope. 
Plute xsxii, figs. 1-22. 


Report on vertebrate fossils of New Mexico, U0. 8. Geog. Survs. W. of 100th M., 1874, 
p. 15 (Alligator). 


Represented by portions of the mandibular arch of a small Crocodilian, 
resembling in some respects the A. heterodon of the Wyoming beds. ‘The 
posterior teeth have the same short, expanded, sessile, bean-shaped crowns, 
with a median longitudinal ridge, and more delicate lines radiating. close 
together from it to the border of the crown. The anterior teeth differ in 
being cylindric instead of compressed. There is a large canine, preceded 


and followed by teeth of much smaller size. 


Measurements. 
M. 


Mensth.Of- the: Symp YSIS s.r. = sels noi Mp sae eee sae eee evo sas 0.019 
Length of the alveoli of six teeth from the symphysis......-.............-5.. 05022 
Width of the ramus just behind the symphysis- 2.02. .0..-. .sc.s..-2.------ 0,010 


Monewdiameteror the posterior toothe <a rec tee cette wees = cele es ciel Sietnie.wis os ole 0. 005 
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The specimen selected as type is one of the smallest. The surface of 
the bones is roughened with pits. 

Besides the type-specimen, I obtained a fragmentary cranium and 
numerous: dermal scuta of another individual. The muzzle is wide and 
flat, and is emarginate at the sides for the accommodation of the large 
mandibular tooth. This species must, therefore, be referred to the genus 
Crocodilus. ‘The cranium is very rugose above, especially on the muzzle. 
The interorbital part of the frontal bone is narrow and thick, and with strong 
inferior crests. ‘The superior surface is covered with numerous closely- ° 
placed round pits, of which five and six may be counted between the 
orbital borders. The extremity of the quadrate bone is concave trans- 
versely, and the exterior end of the cgndyle is not, or but little, wider than 
the interior. A prominent ridge extends from the former as an external 
inferior alate border of the quadrate. Inferior face of the quadrate con- 
cave. ‘The dermal scuta are very few of them keeled, and they are mostly 
united by suture. Their surface is covered with rather small, sharply- 
defined pits. 

Another adult specimen is represented by nineteen vertebre, part of the 
frontal bone, part of the femur, and numerous dermal bones. The frontal 
bone is thick, and with well-developed lateral olfactory ridges. Its supe- 
rior surface is marked with closely-placed pits. The inferior carina of the 
dorsal vertebrae extends their entire length, and the sides of the centrum are 
concave. The articular faces are transversely oval. The articular cup of 
an anterior lumbar is round, and its inferior surface is not angulate. The 
centrum of a posterior lumbar is depressed appropriately to the form of the 
sacrum. The balls of the first caudal are depressed, and “the centrum is 
angulate below. The ninth caudal vertebra possesses diapophyses, and is 
longer than the first. The femur displays a strong tuberosity of the proxi- 
mal middle of the shaft. The dermal bones are coarsely pitted, and have 


a trace of a median carina. 


Measurements. 
M. 
Thickness of the frontal bone at the middle .............. .0-.--eeeeee Socasé 0. 004 
Lengthtotea:dorsalkeentrum*. 220 24. t a ee ee JWGHe Se eee ees Soc - 0.015 
Transverse diameter of the cup of the same............ SaleBa eke teat er 0. 0075 


Length of the posterior lumbar. .:<.< 2... .2. 2223-0 cetes 5 dese -e foee ene fade 0. 0145 
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Depth of the cup of the same. ..-.........-.--..---- eee ates Ree sere sissies 0, 606 
Width of the cup of the samee~ sec le new ie sme ore ewes ensivien se we --- 0.008 
Henethvofsthenirsticaudalersn- 7. «<---> ~~ = sonboow Aticsaars Gos weosaeu mebee 0. 020 
Trans Verse,auimcternmor shoreentnulmerc << seas eeiialee as siete erm oe sie emilee 0. 011 
Menmihnotathevele Mth iGaAud all soni = ci-cs Se eeicpeinis elec ole chan ainjeinis, <iriv Sessa) oa --- 0.020 
Diameter of the centrum in front...........--....-.. ete eee eistal Stee cies sie eels 0. GO9 
Long diameter of the head of the femur.-.-..--. SSH ab ace noe ae HeCineeae 0.017 
Long diameter of the shaft of the femur.....---....-----.+--.----5- AGES ODO 0. 009 


The condyle of the os quadratum is concave in longitudinal section, and 
the exterior convexity is stouter than the interior. The exterior border has 
a projecting ala as in other specimens. This character is observed in the quad- 
rate bone of a second specimen, which agrees in the frontal and vertebral 
bones, &e., with that first described.» It is much smaller, a condition due 
to immaturity, as indicated by the free neural arches of the vertebrie. 

I refer here specimens: from New Mexico which I formerly called 
C. heterodon.* This species was found in corresponding beds in Wyoming, 


and differs from the C. chamensis in the compressed, trenchant character of 


AVES. 


DIATRYMA, Cope. 


the premaxillary teeth. 


Proceedings Academy Philadelphia, 1876, p. 11. 


Whether birds were numerous during the Wahsatch epoch of the 
Eocene period is not yet ascertained. The accidents to which the remains 
of the Vertebrata of this formation in New Mexico have been subjected 
would be especially destructive to the fragile bones of birds. The expedi- 
tion of 1874 obtained only one of the most solid bones of a species of large 
size, which I have referred to a genus distinct from any previously known, 
under the name above given. 

This bone, a tarso-metatarsus, lacks a part of its shaft and the external 
distal condyle. Its proximal end presents a massive hypotarsus, with trun- 
cate posterior face, with a single, rather small, igamentous groove on its 
inner side. The perforating foramina are large, and widely separated on 


both anterior and posterior faces. The inner edge is compressed, and bears 


* System. Cat. Vert. Hocene New Mexico, U. 8. Geog. Surys. W. of 100th M., 1875, p. 34. 
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at the proximal end a rough longitudinal surface, which looks as though 
adapted for squamosal union with a splint bone. The distal condyles are 
of large size, and the usual foramen is present just above the union of the 
external with the median condyle. 

The affinities of this genus are not sufficiently indicated by the bone 
in our possession, although it is diagnostic for the priicipal divisions of 
recent Birds. The proximal end resembles the’ corresponding part in 
the Ostriches and Dinornis; while the distal end, so far as preserved, is 
similar to that of the Gastornis (Hébert) of the corresponding horizon in 
France. It is probable that it will be found that the latter genus is its 
nearest known ally. Gastornis has, however, not yet been definitely 
assigned to its place. Prof. A. Milne-Edwards thinks that it is allied to 
the Natatores; while Lartet and Owen have seen in it characters of the 


Cursores. 
Diatryma gigantea, Cope. 


Plate xxxii, figs. 23-5. 
Proceedings Academy Philadelphia, 1876, p. 11. 


This species was of large size, the proximal end of the tarsometatarse 
being nearly twice the diameter of that of the Ostrich. Its discovery 
introduced this group of Birds to the known faunz of North America, 
recent and extinct, and demonstrates that this continent has not been desti- 
tute of the gigantic forms of Birds now confined to the southern hemi- 
sphere faune. The description is as follows: : 

The hypotarsus is moderately prominent, with broad, truncate face, 
and does not inclose the ligamentous groove of its inner side. Its superior 
angle is broken away in the specimen. The two foramina which pierce the 
shaft just below the head are subround; they are well separated from each 
other, both on the posterior and anterior faces, marking nearly equal thirds 
of the transverse diameter of the bone. The cotyloid cavities for the tibio- 
tarsus are bounded by an elevated margin, and are separated medially by a 
single low oblique ridge. The groove of the posterior face is particularly 
wide, and the inner part of the shaft is thinned, while the outer border is 
broadly convex. The proximal part of the inner border (as far as it is 


preserved) is marked with a flat surface, which is roughened with ridges, 
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which is possibly the sutural articulation of the proximal end of the meta- 
tarsus of the hallux. No such surface exists on the corresponding bone of 
the Ostrich or Emeu. Only two of the free distal phalangeal extremities 
are preserved. The shaft is broken, showing that its interior is filled with 
cancellous tissue. ‘The free extremities are remarkable for the great inferior 
extent of the articular trochlear face. The median is strongly grooved 
with an obtuse excavation, and the lateral or bordering ridges are equal and 
rounded. The groove is continuous with the superior surface, but not with 
the inferior. There the convergent lateral ridges inclosing the open groove 
terminate in an abrupt elevation above the adjacent surface of the shaft. 
The sides at this point are concave. The inner free condyle has an 
oblique articular face; the external ridge dropping away internally, as in 
many Birds, and produced beyond the inner ridge distally. The articular 
face becomes then a part of a spiral, and is little grooved above, but strongly 
grooved medially. The vertical diameters of the sides differ, the inner 
being much greater, and both are concave, A strong foramen pierces the 
shaft just within the point of junction of the inner and medial free extrem- 


ities. 
Measurements. 
M. 

Transverse diameter of the proximal end of the tarsometatarsus .....-...-.-- 0. 100 
Antero-posterior diameter of the same (partly inferential)..-.....-.--...---. 0. 070 
Interval between penetrating foramina on anterior face of shatt.......--..... 0. O71 
(HOTS; Gia eter: a yoo eee int ate te tre gaps sie ear eye iateieeis, ieee 0. 050 
Median distal condyle / Werbicall Giginetenwes: eae tee oe pera eee ser ce 0. 048 
\ transverse diainetert:. 2-2 0.6 ese nse isos ieee 0. 040 
loneadiam Clery er oe ea ce ee ict 0. 037 
Internaldistal condyle? vertical" diameters: s55- 22-4. Jsae sees oe ae eek cae 0. 040 
\transverse diameter’ saee se2ate hee. ote ce sees cere 0. 051 


The large size and wide separation of the penetrating foramina, and 
the thin internal edge with suture-like facet, distinguish this form as 


distinct from any of the genera of Struthionide and Dinornithide. 
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BUNOTHERIA. 
1 

Animals which fulfilled the functions of the existing Carnivora were 
abundant in North America during the Eocene period. The Wahsatch 
beds of New Mexico have yielded remains of more than a dozen species 
which ranged from the size of a Weasel to that of a Jaguar. Investigation 
into the structure of these shows, that while they differ in minor points 
among themselves, they agree in possessing characters which distinguish 
them from the true Carnivora. I have already pointed out* that, in the 
genera Aibloctonus, Oxyena, Stypolophus, and Didymictis, the tibio-tarsal 
articulation differs from that of the existing Carnivora, and suggested that 
these forms might prove to be gigantic Jnsectivora. Further investigation 
satisfied met that Rae cannot be included in the order Carnivora, and their 
systematic position has proved to be of considerabie interest. 

A greater or less part of the cranial chamber is preserved in specimens 
of Oxyena forcipata and Stypolophus hians. In these animals, it has a long, 
narrow form like that of the Opossum, and in the first named, where the 
interior form can be seen, it is evident that the cerebral hemispheres were 
small and narrow, and that the olfactory lobes were relatively large, and 
were entirely uncovered, projecting beyond the hemispheres. 

A study of the dentition, which is largely preserved to us in all of the 
genera, has resulted in establishing the following relations with that of the 
Carnivora. 

Professor Harrison Allen has shownf that, in the human superior molar, 
the anterior inner cusp represents by continuity the inner root, and he 
ealls the posterior inner cusp a cingulum. He rightly supposes that it 
consists of a developed basal cingulum; but as all other cusps beyond the 
primitive cone have originated in the same way, the completeness of its 
ceyopment in Homo, as in other genera, entitles it to the appellation of 


* Systematic Catalogue of the Vertebrata of the Eocene of New Mexico, 1875, p. 7. 

On the supposed Carnivora of the Eocene of the Rocky Mountains, Proceed. 
Acad. Phila., 1875; published December 22. 

+ Dental Cosmos, 1574, 617. 
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cusp as well. An inspection of the molar teeth of the Mammalia generally, 
confirms the view taken by Professor Allen, 7. e., that the posterior inner 
cusp is appendicular to the anterior or true representative of the inner root. 

The way being thus prepared, it is a comparatively easy matter to 
trace the homologies of the cusps of the superior sectorial tooth of the Car- 
nivora. In Procyon, the posterior inner tubercle is smaller than the anterior; 
the same is true in the insectivorous genus Erinaceus. In Ursus americanus, 
the posterior inner tubercle is the larger, if its position and the occasional 
presence of a rudimental cusp in front of it truly indicate its homology. In 
Scalops, the posterior inner tubercle is wanting. In Carnivora generally, it 
is wanting; and the anterior tubercle has a much smaller development than 
the external ones, being largest in the Viverride. 

The flattening of the external tubercles has resulted in the ungulate 
series, in the crescentoid patterns of the Perissodactyla and Artiodactyla. The 
same process, slightly modified, has produced the sectorial blade of the su- 
perior dentition of the Carnivora. The essential difference in the two cases 
is, that in the former the resulting crests are concave, not separated by a 
fissure, and readily worn at the summit, by which they soon lose the cutting 
character; in the latter, the crests are in a single straight line, are separated 
by a fissure, and are furnished with a deep layer of enamel on the superior 
edge. The crests are also, in the Carnivora, always unequal. 

This inequality is due to the greater elevation of the anterior crest, or, 
as it should be termed in the greater number of genera, anterior cusp. This 
cusp is homologous with the principal cusp of the other premolars, while the 
posterior crest of the sectorial is represented in the Cantd@ and Ielide by the 
combined posterior lobe and heel of the typical premolars. . In some other 
groups, the posterior blade may represent the heel only of the premolars; 
and, in Prototomus and Oxyena from the American and Pierodon (teste Ger- 
vais) from the European Eocene, there are two cones in place of the anterior 
cusp of the sectorial, the posterior of which may represent the posterior 
cutting lobe of the premolars of the Canide, &c.; but this is not absolutely 
certain. 

In a former essay,* I regarded the simple four-lobed or quadritubercu- 


*On the Homologies and Origin of the Types of Molar Teeth of Mamm, Educabilia, 
Phila., 1574. 
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late molar of the hypothetical Bunotherium as the starting-point of all more 
specialized forms of crested teeth. The second and third lower molars of 
the Peccaries (Dicotyles) represent such a type. It was also pointed out 
that additional tubercles may be added to this, or to a still simpler form, by 
the development of basal cingula. 

Subsequently * I gave the following account of the homologies of the 
cusps of the sectorial tooth of the inferior series. 

The genus Hyopsodus presents a moditied form of quadrituberculate 
molar; in the genera Pantolestes and Sarcolemur, we observe that the tuber- 
cles are similar excepting that the anterior inner is double, or slightly 
bifid. In some of the molars of Yomitherium the two apices of this 
tubercle are separated more widely from each other, so as to constitute two 
cusps. These are connected with the anterior outer cusp by acute ridges, 
which thus form two sides of a triangular area; the anterior ridge is 
evidently a developed cingulum. : 

The tubercular molar of some Viverride, and among the Eocene forms 
especially of the Didymictis protenus, Cope, present a similar structure to that 
just described. This furnishes a ready explanation of the tooth immediately 
in advance, which is the primitive form of the sectorial tooth characteristic of 
that type of Creodonta.. The three anterior tubercles are largely developed, 
standing at opposite angles of a triangular space; the outer and anterior 
cusps are the most elevated, and the ridge which ‘connects them is now a 
cutting blade. The posterior portion of the tooth does not share in this 
elevation, and its two tubercles are in some genera obsolete, and in others 
replaced by an elevation of one margin, which leans obliquely toward the 
middle of the crown. In Mesonyz, this is represented by a median longitu- 
dinal crest. If the two tubercles of the posterior part of this tooth (which 
I have termed a tubercular sectorial) are elevated and acute, we have the 
molar of many recent and extinct Insectivora; if the same portion, now 
called a heel, is much reduced, we have the type of Oxyena and Stypolophus. 
In the Canidae, the three anterior tubercles are much less elevated than in 
the genera above named; the external is much the larger, and the anterior 


removed farther forward, so as to give the blade a greater antero-posterior 


* Proceedings of the Academy of Philadelphia, 1875, p. 21. 
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extent. The heel is large and without prominent tubercles. In the 
Mustelide, the inner of the two median cusps is often reduced to a rudi- 
ment, or is entirely wanting, and the heel is large. The lower sectorial of 
the Hyenide las no inner tubercle, and the heel is much reduced. In 
some of the saber-toothed Tigers, the heel remains as a mere rudiment, while 
in the true Cats it has entirely disappeared, and the carnassial tooth remains 
perfected by subtraction of parts, as a blade connecting two subequal cusps. 
The Hyenodontide, as is known, possess three carnassial teeth without inner 
tubercle. The history of this form is as yet uncertain, as it was evidently 
not derived from cotemporary forms of the Eocene with tubercular secto- 
rials. 

The development of the carnassial dentition has thus been accom- 
plished first by an addition of an anterior cusp, and subsequently by the 
subtraction of the inner and posterior cusp, so that of the original four of 
the quadrituberculate molar, but a single one, 7. e., the anterior external, 
remains. 

In addition, these animals exhibit the following characters of the 
skeleton : 

The glenoid cavity of the squamosal bone is transverse, and well defined 
anteriorly and posteriorly, asin some Carnivora. Of the first series of carpal 
bones of the four genera named, I have been able to learn nothing; but in 


o, which 


the genus Synoplotherium, from the Bridger Eocene of Wyoming, 


probably belongs to this group, the scaphoid and lunar bones are separate, 
and not united as in the Carnivora. In all the genera, the ilium has a well- 
marked external anterior ridge, which continues from the acetabulum to the 
crest, distinct from the internal anterior ridge. The ilium has therefore 
an angulate or convex external face, as in Jnsectivora and Marsupialia, and 
does not display the usual expansion in a single plane of most of the pla- 
centals. In all the genera, there is a strong tuberosity in the position of the 
anterior inferior spine, which is wanting in the Mammalia, excepting certain 
Insectivora and Prosimie, although it marks the position of the origin of the 
rectus femoris muscle in all types. 

In Ambloctonus, Didymictis, and three undetermined forms, the femur 


supports a third trochanter, 
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Cuvier describes* the tibia of Carnivora as follows: ‘Quant & la téte 
inférieure, tous les carnassiers se distinguent de l'homme par sa figure plus 
étroite du cdté externe que le Vinterne, et par sa division en deux fosses 
oblique, au moyen d’une aréte arrondie qui repond & la poulie de Vastra- 
gale. :.. Le phoque I’a cependant d’une forme trés-particulitre par 
lexcessif aplatissement de sa moiti¢é supérieure, et par sa facette particulaire 
infcrieure, qui est en concavité simple et peu profonde.” 

The astragalar articular face of the tibia, in the genera above named, 
is not divided into the two oblique fossze by ‘a rounded crest which cor- 
responds to the groove of the superior pulley-shaped face of the astragalus”. 
It is uninterrupted and more or less oblique in the transverse direction ; 
always so at the posterior border. The inner malleolar process is produced 
downward, and rests in a concavity on the inner side of the neck of the 
astragalus. The astragalus, which I have seen in several of the species, 
presents a corresponding trochlear face; that is, instead of a groove, it 
presents an open angle upward, which separates the superior from the 
oblique internal face. The superior plane is flat, but is interrupted on the 
posterior side by a groove. This groove is the posterior extremity of that 
which divides the superior face of the astragalus in the higher Mammalia, 
but here it contracts to a point and disappears next the fibular face just as 
it reaches the superior surface. The fibular face is vertical, and shares on 
its posterior part a large ligamentous fossa with the opposed part of the 
fibula. The distal end of the fibula is remarkably stout. 

This structure finds its counterpart in the internal half of the astrag- 
alus of the Opossum. The arrangement permits a rotary movement of the 
astragalus, and thus of the whole foot, on the tibia; the fibula, with its 
fixed articulation with the astragulus,-rotating on the tibia, as in the Pedi- 
manous Jarsupialia. The flatness of the inner malleolus in some of the 
species indicates that the capacity for rotation was less in them than in 
others. This arrangement exactly reverses the extensive oblique fibulo- 
astragalar articulation seen in the Opossum, the Petaurista, Dasyurus, &e. 
Professor Owen, in describing the astragalus of the Wombat (Phascolomys), 


says: “The upper articular surface for the tibia is, as usual, concavo- 


* Ossemens I*ossiles, vii, p. 122. 
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convex, the internal surface for the inner malleolus flattened, and at right 
angles with the preceding, but the outer articular surface presents a triangu- 
lar flattened form, and, instead of being bent down parallel with the inner 
articular surface, slopes away at a very open angle from the upper surface, 
receiving the articular surface of the fibula so as to sustain its vertical 
pressure. ... This form of astragalus is also characteristic of the Koala, 
Petaurists, Dasyures, and the Pedimanous Marsupialia.” 

In one species, where the cuboid bones are preserved, it is evident 
that the distal end of the astragalus articulated with this as well as with the 
navicular bone, although the facet of the astragalus is single and continuous. 
As the extensive transverse distal astragalar face is characteristic of all the 
species where it is preserved, the contact of the cuboid and astragalus is 
probably common to all of this division. There is no elongation of the 
navicular; it is, on the contrary, very short, since the astragalus projects 
beyond the caleaneum (in the genera where they have been observed). The 
cuboid is, on this account, rather elongate, but not remarkably so. There 
were five toes in the hind feet of some of the species. The ungues in some 
of the genera are compressed and acute. In the genus Synoplotherium, from 
the Bridger Mocene, I found one of the claws to be broad and flat, so as to 
be subungulate. I found an ungueal phalange in New Mexico, probably 
belonging to a species of this group, which presented a similar, though less 
expanded, form. I have every reason for believing that there were five 
toes on the hind foot of Stypolophus hians and a second species. 

The characters now adduced lead to the following conclusions as to 
the systematic position of these animals. 

The small size of the cerebral hemispheres and the very slight indica- 
tion of convolutions, refer this group. to the Lissencephalous or Lyence- 
phalous Mammalia. ‘The characters presented by our crania are borne out 
by those exhibited by the Arctocyon primevus, De Blainv., from the Lower 
Eocene or Suessonian beds of France. Professor Gervais* has discovered 
that the olfactory lobes are large, and project far beyond the hemispheres, 
while not only the cerebellum but also probably the corpora quadrigemina 


were exposed behind. We are therefore restricted, early in the inquiry, to 


* Nouvelles Archives du Muséum, 1870, p. 150. 
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comparisons with a few orders. These are the Insectivora, Marsupialia, and 
some of the Prosimie, which have small brains. Other characters, however, 
exist, which add to the reasons for separating them from the Carnivora. 

There is nothing in the dentition inconsistent with the orders Carnivora, 
Insectivora, and Marsupialia. It resembles that of some Viverride of the 
first, JWystomys of the second, and the Sarcophaga of the third. Neverthe- 
less, in the often limited number of incisor teeth, it approaches most nearly 
to the Insectivora. 

The transverse glenoid cavity is that of the three orders named, and 
distinguishes the group from the Rodentia. 

So far as known, the codssification of the scaphoid- and lunar bones, the 
distinguishing character of the Carnivora, is wanting. The angulate shape 
of the ilium is that of Insectivora and Marsupialia. It is less apparent in 
Chiromys, and is not characteristic of the higher Mammalia. The large 
anterior inferior tuberosity is especially a character of the Lemurs, other 
than Nycticebine (Mivart),* the Chiromys, and of certain Insectivora, 
especially Solenodon. It is figured by Mivart in Indris and Loris, by Owen 
in Chiromys,t and by Peters in Solenodon.t It is absent in Carnivora, the 
true Quadrumana, Marsupialia, and many Insectivora. Allman§ does not 
represent it in Mystomys. The third trochanter of the femur is wanting in 
the Gyrencephalous orders generally, characterizing only the Perissodactyla. 
Among Lissencephalous orders, it is very common in the Edentata, and still 
more usual in the Jnsectivora. It does not occur among Marsupials. But 
in the Prosimia, there is often a third trochanter (Mivart, l. c.; e. g.. Lemur, 
Galago). In Talpa and some other Insectivora, and also in Chiromys, it is 
situated high up, nearly opposite the little trochanter. 

In the tibio-tarsal articulation, this group resembles no living genera 
with which I am acquainted. So far as the tibia is concerned, it is remark- 
ably like that of the Ungulate genus Coryphodon, but the astragalus is very 


*Jn a wemoir in the Philosophical Transactions, vi, p. 421. 

+ Proceedings of the Zodlogical Society of London, v, pl. xxi. 

¢ Abbandlungen der kéuiglichen Academie der Wisseuschaften, 1863, pl. 3, Ueber 
Solenodon cubanus. 

§ Transactions of the Zodlogical Society of London, vi, pl. 2, On Potamogale 
(Mystomys) velox. 
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different. The astragalus in its oblique inner side reverses the form seen in 
the Lemurs and that of the Seals, and resembles more nearly that of the true 
Quadrumana. Irom these it differs in the absence of the superior groove. 
The cuboid and navicular are not elongate as in Lemurs. The number of 
toes, supposed to be five, is that of most of the Lissencephalous Mammals, 
belonging also to the Bears, the Quadrumanra, &c. The flat claws of some 
of the genera tend to obliterate the distinction between the Unguiculate and 
Ungulate series, but they are not present on all the digits of all the species. 

The comparison of this group brings out principally affinities to the 
Insectivora and Prosimia. Besides the differences from the Marsupialia, 
already pointed out, in the genera Oxyena and Didymictis, the posterior part 
of the inferior border of the mandibular ramus is not inflected, as in Marsu- 
pialia; in Stypolophus (viverrinus), the lachrymal canal is within the orbit, 
and not exterior to it. The reduced number of incisors in the lower jaw 
and the normal number above, are a further ground of distinction from the 
Carnivorous Marsupialia. 

Comparison with the Prosimie shows that the differences consist in the 
sectorial character of the molar teeth and large development of the canines 
in the Eocene forms; in the short tarsal bones, and peculiar tibio-tarsal 
articulation ; with convex external face of the ilium. This ensemble of 
characters can hardly be regarded as ordinal; and there only remains, to 
give character to such a distinction, the difference in the size and form of 
the cerebral hemispheres. This character, in some of the smaller living 
Lemuride, is not strongly marked, and in them the approximation of the 
Gyrencephalous to the Lissencephalous Mammals is at its closest. 

The differences from the IJnsectivora are less numerous. The only 
trenchant distinctive character upon which I can seize, in comparison with 
Mythomys and Solenodon, is the peculiar tibio-tarsal articulation. On this 
account, and because of the rather more marked carnassial characters of 
the molar teeth, I have proposed to place the genera Ambloctonus, Oxyena, 
Stypolophus, and Didymictis in a suborder of Insectivora, under the name 
of Creodonta.* They stand also in relationship to the Lemurs, and more 


remotely to the Carnivora. 


* On the Supposed Carnivora of the Eocene of the Rocky Mountains, by LB. D. 
Cope. Svo. Philadelphia, December 22, 1875, ‘ 
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Since 1872, the Eocene formations of the Rocky Mountains haye 
been known to contain the remains of numerous species of Mammals 
which possess greater or less proportions of characteristics of the order 
Quadrumana. Some of these were referred by their first describers to the 
Insectivora, and others to the Ungulata. In October, 1872, the writer 
described a genus, Anaptomorphus, represented by a jaw found in the 
Bridger beds of Wyoming, in whose dentition Quadrumanous character- 
istics are so marked as to have induced me to compare it with such typical 
forms as Simia. The characters of the mandibular dentition then recorded 
are those of the true monkeys, but the permanent separation of the man- 
dibular rami, distinguishes the genus from these and from the marmosets, 
constituting a resemblance to the lemurs. The dental formula is I. 2; C. 
1; P. M.2; M. 3; the crowns of the premolars with a single, undivided, 
compressed tubercle. In the following year, I published (May 6, 1873 
a second paper, in which the characters of Anaptomorphus and of the 
earlier described Tomitherium (Cope) were more fully elaborated. In this 
essay, I referred* the latter genus also to the Quadrumana, but as express- 
ing a type even more aberrant than the Lemurs, and therefore well sepa- 
rated from the true Monkeys. I cited, as reasons for this reference, the 
flat ilium, the long femur, the round head of the radius, the form of the 
distal end of the radius, with the codssified symphysis and four transverse 
incisors of the lower jaw. I pointed out that the forms of the molars are 
similar to those of the Quadrumana, and to animals of some other orders 
as well, while the number of molars is greater‘than in the Lemurs, or 
any other known group of the order. The formula of the mandible is I. 
2; C.1; P. M.4; M. 3. I also: pointed out the resemblance between 
this genus and Hyopsodus, which was then estimated as Ungulate, but 
which has since been stated to be Lemurine. Finally, I added to this 
series, in the same year,t the genus described by Leidy as Notharctus, and 


a fourth species, which belongs to the genus Pantolestes, Cope. 


* On the Primitive Types of the Mammalia Educabilia. 
t+ Annual Report U. 8. Geol. Surv. Terrs., 1872 (pub. 1873), p. 549. 
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At the time of the discovery of Anaptomorphus, Prof. O. C. Marsh 
expressed the opinion} that some of the forms noticed by him in the 
Bridger formation of Wyoming are allied to the Lemurs. He, however, 
did not state the characters which led him to entertain this opinion, nor did 
he give such descriptions as would enable the anatomist to judge of its 
correctness. Up to the present date (May, 1876), no more complete account 
of these animals has appeared. 

In the Actes of the Linnzean Society of Bordeaux for 1873,* M. Del- 
fortrie published a description of the cranium of a Mammal which he named 
Paleolemur betillei, which he referred to the Lemurs, pointing out certain 
differences. He gave a number of characters which he deemed sufficient 
reasons for such a course. Chief among these are the completed orbits, 
directed partially forward, which are associated with elongate nasal bones, 
large petrous bone, and acutely tubercular molars. M. Delfortrie also 
points out that the dentition differs from that of the known Lemurid@ in the 
more numerous premolars, giving the following formula: I ?2; C. 1; 
P. M. 4; M. 3; or the same as that of Tomitherium. 

The history of discovery of the European forms of this group: is 
similar to that of our own, in “respect to the difficulty at first experienced 
by paleontologists in referring them to their proper systematic position. 
The investigations conducted by Cuvier, durmg the early part of this 
century, into the extinct Vertebrata of the Eocene of the neighborhood of 
Paris, revealed, among other types, the genus Adapis(Cuv.). This he referred 
to the Ungulates, and to the neighborhood of Anoplotherium. Laurillard and 
Blainville believed that its affinities are to the Jnsectivora. The above-men- 
tioned discovery by M. Deltortrie, of Bordeaux, of the greater part of the 
cranium, at Bebuer (Department of Lot), of his Pal@olemur betillei,t led him to 
announce that Lemurs inhabited France during early Tertiary times. This 
was in confirmation of the opinion of M. Riitimeyer, who had already 
described a Canopithecus lemuroides from the Eocene ot Switzerland. But 


M.M. Gaudry and Gervais, on further investigation, came to the conclusion 


* The separate copies of this paper are dated May 25, 1873, while a supplement 
attached to the last page is dated September 4, 1873. 
+ Amer. Jour. Sci. and Arts, Oct. 8, 1872. 
tActes de la Société Linnécnne de Bordeaux, xxix, 1873. 
OGR 
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that the Palgolemur is the Adapis of Cuvier, and that Aphelotherium, Gerv., 
and Cenopithecus are also synonyms of it. And they are disposed to 
accede to the conclusion of Delfortrie as to its affinities. Subsequently, M. 
Tilhol established for this genus, and a new one which he called Necrolemur, 
a family, the Pachylemuride, adding a new species, Adapis magnus.* In 
this paper, he recognizes the characters pointed out by previous authors, as 
allying this family to the Lemuride, as well as the higher dental formula 
which distinguishes it, and adds some important characters, which are 
strongly marked in the genus Adapis. He finds the cranium to be strongly 
contracted just behind the orbits and at the pterygoid plates, in a manner 
unknown to existing Lemuride. 

Subsequent to the above dates, the number of known species of these 
puzzling Eocene Mammalia has been increasing, and the Wheeler expedi- 
tion of 1874 added a number of genera and species to those previously 
known. An account of these will be found in the following pages. 

I have seen no reason to modify the view originally expressed as to 
the Quadrumanous affinities of Anaptomorphus, but new light has been 
thrown on the structure of Tomitherium and its allies. The fragments of 
skeletons of two species of this genus (7. jarrovii and T. tutwm) include 
numerous bones of the tarsus, and these are identical with corresponding 
parts in the Creodonta, and different from those of the Lemuride. The 
astragalus extends anterior to the shortened calcaneum, and the navicular is 
short and the cuboid not elongate. The superior aspect of the first presents 
two oblique surfaces, one for the internal malleolus, the other for the trans- 
verse facet of the tibia. The portions of femur including the third trochanter, 
the proximal part of the ulna, and the distal portion of the humerus are all 
closely similar to those of the Creodonta. ‘The type specimen of Tomitherium 
includes some parts of the skeleton not present in the New Mexican species. 
Thus the ilium of 7. rostratum, while furnished with the prominent anterior in- 
ferior spine of the Creodonta, is flattened toward the crest, and is not angulate 
on the external face. The femur is furnished with a very elevated third tro- 


chanter, which is opposite to the little trechanter, as in Chiromys and Talpa, 


*Aun. Se. Géol., t. iv, No. iv, p. 18, pl. vii, viii, 1874, and Journal de Zoologie, iv, 
p. 464. 
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and not low down, as in Creodonta. The head of the radius is rounder than 
in Creodonta. he skeleton of Tomitheriwm, in fact, bears a strong resem- 
blance to that of Chiromys, leaving the skull out of view. 

The skeleton of the New Mexican form includes an entocuneiform, like 
that of Stypolophus hians, which indicates a non-opposable hallux. 

It is apparent that the supposed Lemurine Mammalia of the type of 
Tomitheriwm, which have the formula of the molar teeth 4-3, cannot be sep- 
arated by ordinal distinction from the Creodonta. They differ from them, it 
is true, in their wholly tubercular molar teeth, but in this relate to them as 
the Bears and Procyonide do to other Carnivora. I p¥opose, therefore, to 
constitute these a distinct group or suborder, intermediate in position be- 
tween the Creodonta and the Prosimie, under the name of the Jesodonta 
IT cannot now find characters by which to distinguish this division from the 
Insectivora as an order. 

: III. 

The remarkable type first introduced to the notice of paleontologists 
by Leidy, represented by the genus* Anchippodus, has been separated as a 
distinct order of Mammalia, under the name of Tillodontia, by Marsh, to 
whom we are indebted for a knowledge of many of its characters. He 
states these to be, the possession of claws, plantigrade feet with five toes, a 
third trochanter of the femur, and separate scaphoid and lunar bones; also, 
that the dentition is characterized by molars of the Ungulate type, small 
canines, and large scalpriform incisors in both jaws, faced with enamel, and 
growing from persistent pulps, as in the Rodentia. He says this order 
“seems to combine characters of the orders of Carnivores, Ungulates, and 
Rodents ”. 

Except in the dentition, the definition above given -applies to the Cre- 
odonta; and an analysis of the dentition shows so many points of resem- 
blance as to render it probable that they pertain to the same order of JZam- 
malia; also, except in the incisor teeth, the characters given by Professor 
Marsh do not differ from those of the Jnsectivora. The structure of the 


superior molars is not inconsistent with the same order, and the small 


canines and large incisors are even more like those of most Jnsectivora than 


* Amer. Journ. Sci. aud Arts, 1875, 221. 
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are those of the Creedonta. The form of these incisors, with their anterior 
enamel band and growth from persistent pulps, is that of the order Rodentia. 
In all respects, however, there is relation to the Insectivora of the type of the 
Erinaceide (Wedgehogs). In thelatter, the molars and posterior pre- 
molars have the same tubercular character, and the inferior molars are 
similarly composed of two Vs, with the apex outward, an arrangement 
which is indeed common to a majority of the Insectivora. The reduced 
canines and exterior incisors of Tillotheriwm are again repeated in Erinaceus, 
and the enlarged incisors separated by an interval, are common to both 
types. The essential difference in the structure of the incisors entitles the 
Tillodonta to a position as a distinct suborder of the Insectivora, but the 
interval is diminished by the genus Lsthonyx. This genus, with the molar 
teeth of the type common to the two groups, presents incisors which are 
intermediate in character. While the anterior face only is covered with 
enamel, and the edge is thus scalpriform, the latter is not persistently 
developed, but terminates at a point which obviously distinguishes crown 
from root. The combination of “characters of Carnivores and Ungulates” 
with those of Rodents, supposed to exist by Professor Marsh, is thus not 
obvious. 
LV: 

Another group of this order was discovered by the writer in New 
Mexico, and is an especial subject of this report. They differ from the pre- 
ceding, and all other Mammalian types, in the structure of their superior 
incisor teeth. These have two band-like enamel faces, one anterior and the 
other posterior, the result of which is a truncate or concave extremity of the 
crown on attrition. The inferior incisors are Rodent-like, with an anterior 
enamel band only. This group I have called the Teniodonta. So far as 
known, the structure of the molar teeth is more simple than in the Tillodonta, 
and the enamel is reduced in its extent, being chiefly present in bands on 
their external faces. In one genus, Calamodon, the surfaces thus left 
uncovered are invested with a layer of cementum. 

Vi 
It appears to me that the four divisions above defined are not separable 


as orders from each other, but are connected by very close gradations. It 
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appears to me also that it is impossible to frame a definition for them all 
which shall exclude the Insectivora of the present geologic period. The 
definition in question must be the following: 

Cerebral hemispheres small, leaving the olfactory lobes and cerebellum 
exposed; the surface smooth, or nearly so. Limbs ambulatory, armed with 
a greater or less number of compressed ungues. Articulation of the man- 
dible transverse. Molar teeth of the superior series (and usually of the 
lower) tubercular, and without continuous crests. Incisor teeth present in 
the premaxillary bone. Teeth invested with enamel. Feet with five digits 
(with a few exceptions). Usually a third trochanter of the femur. 

I have applied to this order the name Insectivora, so as to avoid the 
creation of a new one. I now think that the latter would have been the 
better course. The name Jnsectivora has acquired currency as applied to 
the well-known modern group of that name, and its application to types 
of such apparent diversity as those now associated under a single head is 
not a convenience. I therefore propose the name Bunotheria for the order, 
and inelude under it the suborders Creodonta, Mesodonta, Insectivora, Tillo- 
donta, and Teniodonta. Further investigation will be necessary in order to 
determine the relations of the Prosimie to this order. The suborders are 
characterized as follows: 

Superior incisors normal, not growing from persistent pulps; canines much enlarged ; 


premolars compressed ; molars more or less sectorial; astragalus not grooved 
above, articulating with cuboid and navicular ; scaphoid and lunar bones distinct; 


Hivestoes onrineihinddtoote. 6.2.41 o2 2a eee este we see os ee euey Creodonta. 
Incisors not growing from persistent pulps; molars tubercular, never sectorial; ? third 
trochanter elevated ; astragalus not grooved above........-.-....---- Me odbata: 
Incisors enlarged, simple, not growing from persisteut pulps; canines reduced; astrag- 
alus concave or grooved above... ... SRS SARC Oe BOA ee mee Insectivora* 
Incisors much enlarged, growing from pareete it aes and faced with enamel in front 
only; therefore scal priformy cies << cial rdste ae sl otereteiiersl sity seat te oe Tillodonta. 
Incisors much enlarged, growing from persistent pulps, the superior faced with enamel 
in anterior and posterior bands, and hence truncate...............-. Teniodonta. 


The order of Bunotheria with these subdivisions is not more hetero- 
geneous than that of the Marsupialia, and presents a great similarity 
in its component parts. Thus the Creodonta resemble the Sarcophaga, the 
Insectivora the Entomophaga, and the Tillodonta the Ehizophaga. Phaseo- 


* Linn., Bonap., Gill. The typical Inseétivora. 
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lomys, the type of the last suborder, presents several points of resemblance 
to the Tillodonta. 

The affinities of the groups here combined under one ordinal caption 
are very divergent. The order is generalized, and, as such, does not pre- 
sent the peculiar features of the Chiroptera, Rodentia, and Edentata, but is: 
so far negative in its character as to preclude more than subordinate subdi- 
vision. While the existing division Insectivora maintains the typical charac- 
ters, the Dermoptera, also existing, are doubtless relics of the group from 
which fhe Chiroptera derive their ancestry. The Tillodonta present some 
kind of affinity to the Rodents, while the Texiodonta present us with a point 
of connection with the Hdentata. The discovery of this fact is particularly 
welcome, as we have not previously had any hint of the relations between 
that anomalous order and the remainder of the Mammalia. So tar, I have 
only indicated relationships to smooth-brained (lissencephalous) orders. 
The connections with the ‘Gyrencephala (or Educabilia) are quite as close, 
namely, as already pointed out, through the Mesodonta to the Prosini@ and 
the Quadrumana, and through the Creodonta to the Carnivora. 

Standing in this structural relation to different existing types, and in 
an antecedent relation as to time, it is easy to look on the Bunotheria as 
ancestral to some of them. In the first place, the Insectivora represent them 
in the existing fauna. The Creodonta are probably the ancestors of the 
Carnivora and the Mesodonta of the Prosimiea. 'This ancestry is rendered 
almost certain by the recent discovery, by Drs. A. Milne-Edwards ‘and 
Grandidier, of the affinity existing between the Prosimie and the Carnivora. 

Before the discovery of the species and genera which form the subjects 
of this report, I wrote* as follows: “I trust that I have made it sufficiently 
obvious that the primitive genera of this division of Mammals must have 
been Bunodonts with pentadactyle plantigrade feet. * “ We may antici- 
pate the discovery of such a genus, and believe that it will not be widely 
removed from the Eocene Hyopsodus, or perhaps Achenodon. * * But 
it will be more than this: it cannot be far removed from the primitive 
Carnivore and the primitive Quadrumane. The Carnivora are all modified 


Bunodonts, and the lower forms (Ursus, Procyon, &c.) are pentadactyle 


* On the Homologies and Origin of the Types of Molar Teeth of Mammalia Edu- 
eabiha. Journal Academy Philadelphia, 1874, p. 20. 
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and plantigrade. As to the Quadrumana, man himself is a pentadactyle 
plantigrade Bunodont. * * Such a hypothetical type might be expressed 
by the name Bunotheriide, with the expectation that it will present subor- 
dinate variations in premolar, canine, and incisor teeth. The premolars 
might be expected to differ in the degree of development of the internal 
lobes, the canine in its proportions, and the incisors in their number.” 

The history of discovery of the Iocene forms of this order is briefly 
told. Professors Leidy, Marsh, and myself had described Creodonta as 
Carnivora, until I pointed out, in some remarks before the Philadelphia 
Academy (published December 22, 1875), their true relations. The first 
species of Tillodonta was described by Leidy from an inferior molar from 
New Jersey in 1868. Dr Leidy next described the dentition of the man- 
dible of the same genus from Wyoming. Subsequently, Marsh described 
the superior molars of an allied genus, also from Wyoming. In 1874, the 
writer described the dentition of the Teniodonta from specimens collected 
in New Mexico. In March, 1875, Marsh proposed the Tillodonta as an 
order of Mammals, giving its dental characters, and stating that the 
brain was “small”. In December, 1875, in his remarks on Creodonta, 
Professor Cope referred this group to the Insectivora as a suborder. 
In March, 1876, Marsh gave a full description of the cranial characters 
of the genus Tillotherium, describing the characters of the brain from a 
cast of the cranial cavity. In the same month of 1876, the writer 
characterized the suborder Teniodonta, referring to it the genera Ectoganus 
and Calamodon. 

CREODONTA. 

The genera of this suborder found in the Wahsatch beds of New Mexico 

differ as follows: 


I, First and third inferior true molars without internal cusp; last superior molar 

longitudinal; last inferior molar carnassial.........-...... Ambloctonus. 

Il. Inferior carnassials with interior tubercle; no tubercular molar; last superior 
molar transverse : 


Three tubercular carnassials .......-.. SOECs CBODR Od US ae Jen AO ne Stypolophus. 

Two tubercular carnassials : cy. scs al stateloteil Vast aie) ts enero eele cic, 0.< Oxyana. 
Ill. Inferior carvassial with interior tubercle ; a tubereular molar: 

One tubercular:carnassial-...:. 5.057 jeter cte sa SUDO Osea LE eneee Didymictis. 


The number of toes on the hind foot cannot be certainly stated in all 
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the genera; but, in Stypolophus hians, there were probably five, the inner 
being of reduced size. There is present in those species an entocuneiform 
bone, which resembles that of Canis; it is compressed, with one truncate 
concave terminal facet, and an internal oblique one at the opposite and 
proximal extremity. The form of the truncate articular face of the distal 
end indicates the existence of an inner metatarsal bone of moderate propor- 
tions, which probably supported a small hallux. This thumb could not be 
opposable, as in the Opossum. 

In general appearance, the Creodonta differed from the Carnivora, in 
many of the species at least, in the small relative size of the limbs as com- 
pared with that of the head, and in some instances as compared with the size 
of the hind feet. The feet were probably plantigrade, and the posterior ones 
capable of some degree of horizontal rotation. The probable large size of 
the rectus femoris muscle indicates unusual power of extension of the hind 
limb. They were furnished with a long and large tail. Probably some of 
the species resembled in proportions the Mystomys and Solenodon, now 
existing in Africa and the West Indies, but they mostly attained a much 
larger size. 

To the Creodonta must be referred, according to the information whick 
we possess, the genus Arctocyon of Blainville. Professor Gervais has dis- 
covered that it possessed the very small cerebral hemispheres characteristic 
of the Creodonta. ‘The olfactory lobes are large, and project far beyond 
the hemispheres, while not only the cerebellum, but probably the corpora 
quadrigemina, were exposed behind. The tarsal articulation and the poste- 
rior part of the mandibular bones are unknown, hence this reference is not 
certain. Professor Gervais* regards it, after Laurillard,+ as a Marsupial, and 
establishes an especial family of the order for its reception. : It is, however, 
more probable that its affinities are with the contemporary genera of flesh- 
eaters Palgonyctis, Bly., and Pterodon, Blv., genera which have near allies 
among the subjects of this memoir. Paleonyctis was the contemporary of 
the Coryphodons in the Suessonian period of Western Europe,.and presents 
a strong resemblance to Ambloctonus in its mandible, the only part of the 


*Nouv. archives du museum, 1870, p. 150. 
t Dict. univ. Whist. naturelle, ix, p. 400. 
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skeleton known. The posterior part of the ramus is not inflected according 
to Gervais, and he therefore does not refer it to the Marsupialia.* The 
nearest European representative of Oxyena is Pterodon, in which the form 
of the mandible also forbids a reference to the Marsupialia, as Gervais has 
remarked. Both genera are doubtless members of the suborder of Creodonta. 
The genus Hyenodon, on the other hand, is not referable to the same group, 
since the figure given by Professor Gervaist representing the brain of the 
orviginally-deseribed type, H. leptorhynchus of the Miocene period, displays 
characters of the true Carnivora. The anterior part of the cranial cavity of 
the specimen moulded is broken away. 

It is possible that the genus Diacodon, Cope, belongs here also ; its spe- 
cies resemble slightly the Chiroptera in the inferior dentition, and are of 
small size. Here must also be referred supposed Carnivora trom the Eocene 
of Wyoming, stated by Marsh to be allied to the Viverrid. 

The genus Mesonyx, t which I discovered in the Bridger beds of Wyo- 
ming, cannot be referred to the Creodonta as here constituted, since the 
trochlear face of its astragalus is completely grooved above as in the true 
Carnivora, and its distal end presents two distinct facets, one for the cuboid, 
and the other for the navicular bones. It represents on this account a pecu- 
liar family, the Mesonychide. 

There are various degrees of development of the sectorial structure of 
the molars in this suborder. In some of them, as Didymictis, only one of 
the inferior molars presents this structure; in others two, and in others 
three. In one type, the last superior molar is longitudinal; in others, it is 
transverse. In Arctocyon, the superior true molars are tubercular. Tor the 
present I point out the three following families as well defined : 

1. Ambloctonide.—Last superior molar longitudinal; inferior molars 
with the internal tubercle little developed. Genera,—Ambloctonus, and per- 
haps Paleonyctis. 

2. Oxyenide.—Last superior molar transverse ; the preceding ones sec- 


torial; inferior molars sectorial. Genera,—Stypolophus, Oxyena, Pterodon, 


+ Loe. cit., pl. vi, fig. 5. 
t Ann. Rept. 0.5. Geol. Sury. Terrs., 1872, p. 550. 
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3. Arctocyonide, Gervais.—Posterior superior molars tubercular. (One 
or more posterior inferior molars tubercular in American genera.) Genera 
Arctocyon, and probably the American genera Miacis Cope, (Uintacyon, 
Leidy), and Didymictis. 

No genus of this suborder has been found in any formation above the 
Eocene either in Europe or America, and all, excepting Miacis, Patriofelis, 
and Stypolophus, are from the Suessonian or Wahsatch beds only; the three 
genera named being from the Bridger. The nearest ally in Miocene beds 
appears to be Hy@enodon, which approaches nearly to Pterodon in its denti- 
tion, so that the two have been regarded as identical by some authors. 
If the latter genus resembles the Creodonta in its brain form, it is quite 
distinct from the Miocene genus ; but, on this point, we are not yet in pos- 


session of the necessary information. 


AMBLOCTONUS, Cope. 


System. Cat. Vert. Eocene of New Mexico, U.S. Geog. Survs. W. 100th M., 1875, p. 7. 


The fossil remains which illustrate this genus include the greater part 
of the dentition of one side of the cranium and that of the posterior part 
of the mandible, with a number of bones of the limbs; the teeth are some- 
what worn, but not so much so as to prevent determination. 

The superior molars preserved are three in number, which extend pos- 
texiorly from below the orifice of the foramen infraorbitale exterius. The 
crowns are longitudinal, and consist of a three-lobed exterior blade and an 
inner depressed tubercle. The last molar is longitudinal, and not transverse, 
as in Oxyena. ‘The superior canine is large, and is preceded, with a short 
intervening diastema, by a very large exterior incisor. The last inferior 
molar consists of two cusps and a rudimental heel. The cusps form a short 
carnassial blade. Their number cannot be determined on the penultimate 
molar, but there is a well-developed heel, and the anterior part of the crown 
is wide. The molar which precedes has three principal cusps, the two 
anterior forming together a blade; in the type-species, there are accessory 
tubercles adjacent to the posterior cusps. 

Among the fragments of the limb-bones of A. sinosus some character- 
istic features may be noted. Thus the distal extremity of the ulna exhibits 
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an extensive transverse articulation with the carpus, and an external tuber- 
osity relatively little produced. The external ridge of the shaft of the 
femur is developed into a protuberance, which is a low third trochanter. 
In the tibia, the trochlear surface is oblique and nearly uninterrupted, much 
as in Oxyena, and without the grooves for an hourglass-shaped astragalus, 
as in Mesonyw. 

This genus resembles Hyenodon in the structure of its superior molars. 
It differs in the inferior molars, especially in the existence of a tubercular 
heel of the antepenultimate and penultimate, and probably in the arrange- 
ment of cusps on the anterior part of the latter. 

Ambloctonus sinosus, Cope. 
Plate xxxiii. 
System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. W. 100th M., 1875, p. 8. 

Two imperfect skeletons represent this species in the collections of the 
Survey. The best preserved includes the right maxillary bone, with crowns 
and roots of the last four molars. The first of these is wider behind than 
before, the posterior root being double. The next has a triangular crown, 
with the exterior and anterior borders at right angles to each other, and of 
subequal lengths. The fourth tooth is not quite so wide, but about as long 
as the one just described, has three lobes of the outer summit, and a con- 
vex anterior border. The interior heel of the first molar is constricted at a 
point of its border, indicating an additional internal cusp, probably basal. 
The foramen infraorbitale is remarkably large. Owing to the state of the 
specimen, the number of premolars cannot be ascertained. The canine is 
worn almost to the alveolar border in a vertical truncation; the diameter 
of the alveolus for the third or outer incisor is but little less than that of 
the canine. 

The characters of the three last inferior molars may be partially 
determined from the two individuals. The last molar is smaller in the 
specimen already partially described than the two which precede it, and 
which are subequal. It has a very short heel, with a cutting-edge on the 
outer side. The remainder of the crown is subtriangular in section at the 
base, supporting a posterior and an anterior tubercle, which are connected 


on their inner sides by a cutting-edge. There is a cingulum on the internal 
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base continuous with the border of the heel, but none on the outer side. 
The antepenultimate molar has three cusps, of which the median is largest, 
and the anterior and posterior have subequal bases. The anterior turns to 
the inner side of the tooth, the median stands on the outer side, while the 
posterior is median. It has an accessory tubercle on each side of it, that 
of the inner side much the more elevated, and combining with the median 
to form an incurved grinding-surface on attrition. This cusp sends a ridge 
downward and forward to the interior base of the crown, where it is suc- 
ceeded anteriorly by a rudimental cingulum. There is no external basal 
cingulum. The enamel bears marks of obsolete rugosities. 

Of bones of the limbs, there were found the distal end of the ulna, the 
shafts of both femora, and the distal third of the length of the tibia.. The 
first-named piece is very characteristic. The articular face, although oblique, 
has nothing like the form seen in Ursus, Canis, and Felis, since the external 
tuberosity is far less prominent, and its surface passes by a gentle slope into 
that of the inner part of the extremity. The radial facet is, on the other 
hand, presented inward and slightly forward, at a strong angle with the carpal 
surface The usual transverse fossa is present below, within the carpal 
extremity, while the superior surface is convex in transverse section, and is 
without well-marked tendinous grooves. The remarkable transverse extent 
of its carpal articulation has already been noted. The shafts of both femora 
are preserved, but the trochanters and condyles are wanting. The head 
displays the fossa for the ligamentum teres continuous with the deep 
emargination of the postero-internal border. The plate connecting it with 
the great trochanter is strongly emarginate, and the trochanter has an 
elevated position; the extremity is broken off. The shafts are compressed, 
the transverse diameter being the greater. The external border is the nar- 
rower, and, on the proximal regions, is produced into a low rib, which 
expands into the compressed tuberosity of the third trochanter. The base 
of the condyles shows that the internal condyle is the more elevated, and 
the external the more oblique. 

The shaft of the tibia is normally remarkably compressed at its distal 
third, so as to have an oyal section, with the long diameter antero-posterior. 


The distal end has a remarkably produced malleolus, whose inner side, like 
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that of the shaft with which it is continuous, is nearly flat. The narrow, 
prominent, anterior face of the shaft is continued obliquely into the malle- 
olus, while the posterior face expands gradually, and without irregularity, 
into the entire distal extremity. The ligamentous groove on the postero- 
interior aspect could not have been large, although its precise character is 
obscured by injury of the surface of the bone. The astragalar face is more 
oblique transversely than in any of the genera of this group: the posterior 
margin is, as elsewhere, the most so; but the anterior is in no part trans- 
verse, as in Stypolophus. As in the other genera, it forms an angle with the 
malleolar surface, but a very open one. As usual, the strongest concavity 
of the astragalar face is next the malleolus. The external margin is nar- 
rowed and slightly recurved, not truncate as in Stypolophus. This tibia also 
differs strikingly from that of the latter genus in the absence of the postero- 
external longitudinal angle and the compression of the shaft. It differs 
from that of Oxy@na in the absence of the exterior ridge, the posterior and 
interior tuberosities, and compression of the shaft. The distal part of the 
caleaneum is rather elongate and compressed. 

This species of Carnivore is of robust character, and about the size 
of the Jaguar. : 


Measurements. 
M. 

Length of the bases of the last four superior molars (No. 1) .-.-.-.--. --- ea O20 710, 
Length of the crown of the antepenultimate superior molar .....--- Se MISSES 0.0175 
\AViG tit O30 1d ESPN ce codons Honcoced ao cacbos dqaceGrmobUUrsoch soos Socqdemen 0.0170 
Length ofthe crown ofthe last molar, -)...9 ) ooo iccse 2 ccieene ctw ete ale ashes =i nite = 0. 0180 
AWK EGy: (avs) Ren eeeorS Gams aoe eas eos Aare DO SamosSn mn staa HboDSsconoe 0. 0160 
lienpth of the last three inferior molars <...2.------.- 22+ -22s-- 2.522. 22-- 0. 0410 
Length of the crown of the last inferior molar .----...--..---.1 .-++-.------ 0. 0120 
Wir ithieo festh Gy Sat Goherys crerere = cheer crousne aretersl stot arora s ote oleic, sais (ose a esieteteyenelemcten tears ots 0. 0080 
Length of the crown of the antepenultimate inferior molar........---.- pce, On 0140 
VVANCEROtet he SAIOM 2 eee tee ao a iste scla Nernele creeps street atone seers tere cataeseta 0. 0110 
Miametercof. the Superior CanIMe 5... i1 ae, aehe oil mieten = ere ye sa Pee healt 0. 0170 
Length of the last three inferior molars of specimen No. 2.......----------- 0. 0490 
Length of the antepenultimate molar of the same..-..-..-..----..---- ene 00150 
Depth of the ramus of the jaw at the penultimate molar......--..-...-.---- 0. 0420 
Diameter of the shaft of the femur of No. 1 below middle. ...........-.---- . 0. 0240 
MDiametemotathe head Of GUC TOMUL, este ote rotetetrete ere eteter me ateetaletetee er eraraie t= 0. 0270 
Diameteror the:shaftiot: the tibia: (least) 22 cer eee eineisee eae ems 0. 0190 
Diameter of the distal end of the tibia measured obliquely .........-.------ 0. 0350 

Vertical! <2 oe- sre: sesicsutyeie Sty WEE RE nator 0. 0260 


Diameter of the caleaneum ‘ 
CIR S VETS Give a cree NRE er ret tiicucwae < sitlaves «ise .- 0.01380 
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As compared with the Synoplotherium lanius, Cope, to which this species 
is probably allied, all the teeth are wider and more robust, excepting the 
canines. Although the disposition of the tubercles of the lower molars in 
Synoplotherium is unknown, the narrow form of their bases renders it prob- 
able that the structure is rather as in Hy@nodon than as in Ambloctonus, 
especially in regard to the antepenultimate, which is so exceptionally tuber- 


cular in the present animal. 


PACHY ENA, Cope. 


Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 100th M., 1874, p. 13; Id. 
Ann. Report U. S. Geog. Survs, W. of 100th M., 1874, -p. 125. 

Established on a single superior molar tooth of a large Carnivore, 
apparently allied to the group of flat-clawed Carnivora. It is either the 
last premolar or first true molar. It is characterized by the absence of the 
cutting-edge seen in the allied genera, and its replacement by a conic 
tubercle. 

The crown supports three principal tubercles, two external and one 
internal. Of the two external, the anterior is the largest. and most promi- 
nent, and it is separated from the posterior one by a deep notch. The 
internal tubercle is opposite the anterior external, from which it is separated 
to the base by a deep notch. The sections of the tubercles are subround. 
Thus the principal lobe is a cone, and the inner one a perfect cone, a 
little less elevated than the principal one. 

The affinities of this curious genus are not yet determined. 


Pachyena ossifraga, Cope. 


Plate xxxix, fig. 10. 
Report, loc. cit., p. 13. 
Report, loc. cit., p. 125. 

Crown with well-developed anterior and posterior basal tubercles, which 
resemble the short heels of some inferior teeth; no cingula, either internal 
or external. The external cones exhibit an obtuse anterior and posterior 
cutting-ridge, but there is none on the internal cone. Enamel slightly 


rugose. 


> 
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Measurements. 
M. 
dheneth-of theicrown. as. deresni- sles cites ee Ssal> Seisiecre ates eicieitle Fetkjacie = coen 0. 02: 
AVVai cl Ghivo fast Gk S111 ers see ccc nae ore rea ae eto eee aro ofa ro evens ey nivale stele uancieiwie 0.018 
Hlevationvoteuneran terion DASalsbUW CLE] Garey sess eters ena hes) sion i aloes lel = ere 0. 006 
Hlevatlonvointhercentral*COne@ Ss: we. o sete. sect ele. tem ccs Sat vette mare ce 0. OL 
IDlevahonsotthepmterloreCOne vse aneiae cin ee cere aiackera io eb etiniecinie 2 = pokeionis - 0.010 


This is the largest Carnivore yet observed in this formation, and of 
peculiar character ; its structure indicating a diet not purely carnivorous. 


OXY AINA, Cope. 


Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 100th M., 1874, p. 11; Id. 
Aun. Report U.S. Geog. Survs. W. of 100th M., 1874, p. 123; System. Cat. 
Vert. Eocene New Mexico, 1875, p. 9. 


1 4 2 
ese ai = a ea 
1 4 2 
superior incisors and a very large external one separated by a diastema 


Dental formula: 1, G: Two small median 


from the canine. The latter is large, and is followed with little interval by 
the first premolar. The two last premolars and all the molars of the superior 
series with an internal heel; the last molar transverse; third and fourth 
upper premolars with an anterior cone and posterior cutting-lobe; the first 
true molar with two anterior acute cones, the posterior forming a sectorial 
edge with the posterior lobe; last superior molar with a single trenchant 
edge. 

In the mandibular dentition, the canine teeth are directed forward 
and upward without intervening incisors. First premolar one-rooted; 
second and third consisting of an anterior elevated cone and_ posterior 
heel, which is elevated and trenchant in the middle. The fourth premolar 
is nearly similar, with the posterior tubercle sharp-edged. The two 
true molars with an anterior elevated portion,and small, low heel; the former 
consisting of three acute tubercles, of which the largest or exterior forms 
with the anterior, a sectorial blade oblique to the axis of the mandibular 
bone. 

This genus has one less superior molar with double median cone than 
Stypolophus; in that genus, I find also in the lower jaw three sectorials of 
the form described, instead of two only. It is one of the group which, 
with Synoplotherium, Cope, presents in its dentition a nearer resemblance to 


96 CREODONTA. 


the genus Hyenodon than to any other of later age. It differs from both 
the genera named in having only six molar teeth, and the triangular type of 
inferior sectorial teeth is not seen in either. 

On a former occasion, I wrote the dental formula of Oxyena, molars 
3-3 (Annual Report of the Chief of Engineers, 1874, p. 599), but now 
transfer one tooth from the premolar to the molar series, in accordance with 
the correct homology, so as the read 4-2. 

The exterior portion of the posterior transverse superior molar is a 
transverse blade, interior to which is one or probably two subtriangular 
cusps. The blade shuts down in contact with the plane posterior face of 
the united middle cusps of the last inferior molar, and the cusp shuts down 
on the inner side of the heel of the same where the surface is often seen to 
be worn obliquely by it-- The elevated cusps of the last inferior molar 
close into a deep fossa of the maxillary bone; the blades of the external and 
anterior cusps shearing against the inner side of the posterior median cusp 
and posterior blade of the penultimate superior molar. The inner heel of 
the latter opposes transversely the posterior heel of the penultimate inferior 
molar, shearing somewhat with the posterior border of the united median 
cusps. The external and anterior cusps of the penultimate inferior molar, 
with their external shear, fit within the median cusp and posterior blade 
of the antepenultimate superior molar, and are received into a correspond- 
ing pit of the maxillary bone, which is not so deep as the posterior fossa. 
The surface of the maxillary between this tooth and the last premolar is 
only slightly concave. Thus, in this genus, and the arrangement is similar 
in Stypolophus, each inferior tubercular sectorial tooth makes two shears with 
two corresponding superior molars, viz, a posterior transverse with the 
superior molar behind it, and an external oblique with the superior molar 
corresponding to it. ‘This does not occur in any recent Carnivora, and is a 
more complex, although much less powerful, arrangement than they possess. 

The skull in this genus is robust. In the O. forcipata, there is an elevated 
sagittal crest, and the superior walls of the cranium are massive. The 
crest divides on the posterior part of the frontal region, and disappears. 


The zygomata are short and deep, and laterally expanded. The malar_ 
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bone rises in a strong postorbital process, partially inclosing the orbits, as 
in the Cats. 

The head of the humerus in O. morsitans exhibits a rather large greater 
tuberosity and small lesser one. The spine of the scapula rises abruptly 
near the glenoid cavity. In a fragmentary skeleton of probably the same 
species, a portion of the ilium is preserved. It exhibits » tuberosity above 
the acetabulum which represents the ‘‘anterior inferior spinous process” of 
human anatomy, and is larger than in the existing genera Ursus, Canis, 
and Felis. The middle of the shaft of the femur is wanting in all our 
specimens of this genus. The proximal portion of that of O. morsitans is 
wide and flat, and has a large great trochanter about equal in elevation to 
the head, which does not inclose a deep or large fossa. The fossa for the 
ligamentum teres is at the fundus of a deep emargination of the rim of the 
head. The distal part of the femur is flattened asin Ambloctonus, and the 
patellar groove is not. elevated as in Stypolophus viverrinus, but wide, 
although less so than in the Bears. 

The distal end of the tibia of probably. O. morsitans exhibits the 
ungrooved astragalar surface of the other Oxyenide, with abruptly pro- 
jecting internal malleolus. Its border is less regular than in the genera 
described. The outer extremity is not truncate, but gives rise to a longitu- 
dinal external ridge of the lower part of the shaft, and there is a tuberosity 
on the posterior and one on the inner aspect of the lower extremity. The 
posterior as well as the anterior astragalar border is angulate at the base of 
the malleolar process. The ligamentous grooves are shallow. I have no 
astragalus of this genus, but the proximal part of a caleaneum displays the 
usual two astragalar facets. It is remarkable for the obliquity of the facet 
for the cuboid, which presents upward as well as forward (when in the 
supine position). The caleaneum is wide, especially in its postero-inferior 
face, and the posterior free portion is narrow and oblique, indicating a plan- 
tigrade habit. Its flatness exceeds that in Ursus arctos, and the expanse of 
the anterior portion is similar to that genus, while greater than in Canis and 
Felis. The obliquity of the cuboid facet is not seen in either of the recent 
genera named. Numerous phalanges have been obtained, but none of 
them ungueal. They are depressed, with their distal articular facets slightly 

TGR 
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emarginate. None of them present the triangular section characteristic of 
many recent Carnivora. Their proportions are not different from those seen 
in the Ursus arctos. 

But few vertebree have been preserved: those of the tail indicate that 
that member was of full proportions. 

This genus resembles Pterodon, as described and figured by Gervais, in 
the dentition of the maxillary bone; but the teeth of the lower jaw are totally 
distinct in character, approaching more nearly those of the Paleonyctis of 
De Blainville. According to Gervais,* the inferior molars of Pterodon are 
like those of Hyenodon, without interior tubercle, and the inner lobes of the 
superior molars are not so large as in Oxyena. The latter differs from Pa- 
leonyctis in the character of the antepenultimate lower molar, which, in 
Oxrye@na, is characterized by the presence of a median blade, but, in Pal@o- 
nyctis, by a heel supporting (in the typical species) two tubercles. 

The Oxyzenas were the most abundant of the Eocene Carnivora, esti- 
mating them by the relative frequency of occurrence of their remains. 
There were at least three species, which ranged from the size of a Terrier- 
dog (0. morsitans) to that of a Jaguar (0. forcipata). They are of robust 
structure, and resemble Synoplotherium in the anterior production of their 
canine teeth, which are so closely approximated as to exclude the incisors 
altogether. Specimens obtained include the dentition of both jaws and 
bones of the skeleton. The phalanges have the same flattened form seen 
im the flat-clawed genera discovered in Wyoming, but I have not been so 


fortunate as to obtain those of the ungues. 


Oxyzna morsitans, Cope. 
Plate xxxiv, figs. 1-15. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 12; Id. 
Ann. Report U. 8. Geog. Survs. W. of 100th M., 1874, p. 124. 


This, the smallest species of the genus, is represented by parts of the 
skeletons of three individuals, while others in the collection probably belong 
to it. The original description was based on a series of inferior molars, 
found in association by myself, but not attached to the jaw. <A second 
specimen includes a portion of the jaw with the last three molars, and a 
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considerable number of fragments of bones of the skeleton. The third 
includes a number of superior molars of both sides of the skull. 

The posterior true lower molar is larger than the penultimate. Its heel 
is very small, and has its border elevated all round; the inner tubercle only 
marks about half the elevation of the outer, which is also considerably more 
elongate than the anterior. At the point of junction of the last-named cusps, 
there is a fissure which completes the sectorial effectiveness of their blade- 
like opposed edges. There is no cingulum except a trace at the antero- 
external base. There is a well-marked tubercle at the anterior base of the 
anterior cusp. The penultimate molar is distinguished by the larger heel 
and smaller median cusp. The inner border of the heel is elevated and 
acute; the inner tubercle marks more than half the external cusp. There 
are no cingula, and no subordinate tubercles. The last premolar has the 
usual anterior cusp and posterior heel, with median cutting-edge. A cingu- 
lum descends from the postero-superior angle of the latter to near the base 
of the large cusp; there are no other cingula. The canine is a compressed 
oval in section. The enamel on all the teeth is rugose, except where 
smoothed by attrition. 


Measurements. 


M. 
Length of the base of the crown of the sectorial tooth..........2:....-- =62 0, 014 
Width of the base of the crown of the sectorial tooth...........-...---...--5 0. 009 
Elevation of the principal cusps ...........-.... Tate aise ace eels nem eishseawe 0. O15 
Elevation.of thetinner posterior cusps. .2. <steea- sees ee eee «oie = eee OOO: 
Length of the basis of the penultimate molar .........-..............-. eee OS Ole 
Width of the basis of the penultimate molar........................ Bee ee ONU0T 
Length) of the heel of the penultimate molar... .- 2.2 << 25. seecc cesecscccce- 0. 005 
Hlevationyonmthe principalicuspsie. 1.2 ies oreictine ci eee etoteieteieteetss 0. O11 
HlevanlonyorpheranteniorCuspsisqvwiets schists css/seiast ee cilia iereieteiataete erecterare 5 AUS 
hong diameter:of the canine at the) bases-.;:-a-4)-2--- -<-1s-2 seeeen eee mee ace 0.018 


The last molar of the second specimen mentioned differs from the type 
in wanting the anterior basal tubercle ; the heel is also a little larger. The 
last premolar has a tubercle at the anterior base of the principal cusp. The 
humerus is distinguished by the antero-posteriorly-compressed form of the 
proximal part of the shaft, caused by the strong projecting ridge which 
descends from the antero-exterior border of the greater tuberosity. The 


posterior face is a flat plane bounded by two longitudinal angles, the outer 
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and more prominent being a continuation of the posterior projection of the 
lesser tuberosity. There is no internal bicipital ridge. The glenoid cavity 
of the scapula is a wide oval. 


Measurements. 


M. 
Length of the bases of the two inferior true molars ........ -..------- --- 0.026 
Length of the baseof the last true molar-......... 05.22. 2... ee. eel eee 0. O14 
Klevation of the anterior cusp of the last molar... 2. 2... 2.6: -2- 202-2. ese 0. 0085 
Depth of the ramus at the penultimate molar ..........-...-.- ..--+. --.5-- 0, 034 
Length) of theicrownyot thelastipremolars=--e) 40 22ers eee ere 0. 014 
Widthiofthe:same vse. 22. Satoeces oc ceeiocalee eres, feria eee tere piae 0. 0076 
Diameter of the bead of the humerus across both tuberosities ... ..-...-- =) wOnOal 
Diameter of the shaft of the humerus below the tuberosities (transverse)... . - 0. 0135 
Diameter of the'samei (antero-posterior). 2-jp cts ss sie emer lore sector ieie tel 0.0215 
Width of the proximal end of the femur. ...-.-.- . Le SSL aseie Ritioe ee See ears 0. 040 
Diameter.of therball icc. scne eee errors one clea tele claee es ae oe ete eee eters 0. 018 
Antero-posterior diameter at the little trochanter .........--........------. 0. 0125 
Least diameter of the glenoid fossa of the scapula ...........--.-.-- BSCE HC 0. O14 


The superior molar teeth of the third specimen are accompanied by an 
inferior molar of the same character as that of the type, and I suspect that 
they belong to the O. morsitans. The three molars preceding the last one 
oceupy nearly the same length as the two corresponding posterior molars 
in the O. lupina. ‘The structural differences between the teeth of the two 
species are, the greater prominence of the internal heel of the third pre- 
molar in O. morsitans and the greater length of the posterior blade of the 
penultimate molar in O. lupina.* There is a weak external basal cinguluin 
in O. morsitans, and the two triangular molars have each a small anterior 
tubercle. The penultimate molar has, besides the low cusp of the inner 
heel, a strong internal cingulum, and a small tubercle on each border at the 
inner base of the central cusps.. The enamel is strongly but delicately 


wrinkled. 
Measurements. 

M. 
Length of the bases of the three triangular molars....-.......-..- acasene0 0. 0385 
Length of the bases of the last triangular molar. ..........-...--..-.-.--- 0. 0145 
Width ofthe sane isc. crete cue leeetsais siete ey eee me roe teeraiaetere tater 0. 0114 
Width of the bases of the second triangular molar ..:.....-..----.------..- 0, 012 
Length of the bases of the second triangular molar ....--.. --.....--..---- 0. 0137 
Length of the bases of the fourth inferior molar ......-.....-... eeretet er -. 0.012 


* Compare Plate xxxiv, fig. 10, with figs. 14a and 16a of the same plate. 
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A fourth specimen includes portions of almost all parts of the skeleton, 
including a few teeth, whose proportions refer them to this species. The 
crown of the canine is long and acute, and the enamel is rugose, with deli- 
cate reticulations and longitudinal grooves. The zygomas are strongly 
convex, and the prominent borders of the glenoid cavities are of equal 
development. The caudal vertebrie are large and elongate. The inferior 
extremity of the tibia has been already described in its more important 
features. The shaft is subround in section, the outer margin produced by 
the presence of two longitudinal ridges of the outer side, one of which 
extends to the lower extremity ; the other lying close to it disappears above 
that point. 


Measurements. & 
Length (transverse) of the: glenoid cavity.<.2. 222i... cisc08 + oteuecigcin cieceie se 0. O31 
Hengthiofthe.caudalevertebra ave... feces ctlas Seen ara ane esiel see als eae siclemccinn-ys 0. 0285 
Diameter of the end of the centrum of the caudal vertebra .....-....:.--..- 0. 012 
Wiametenotsthe’shaftrof the tibiair secs: merece t= et= levee cintstale =o eiePatee ereliaersicte r= 0. 014 
Diameter of the astragalar face (transverse)... .....-...--..--+e--00---e---- 0. 022 
Diameter of the astragalar face (antero-posterior) .-......-...---. +++ ---e-- 0. 015 


This Carnivore was about the size of the Coyote (Canis latrans). 


Oxyena lupina, Cope. 
Plates xxxiv, figs. 14-37, and xxxv, figs. 1-4. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 11; Id., 
Ann. Report U. 8S. Geog. Survs. W. of 100th M., 1874, p. 123. 


I refer to this species five individuals, all including more or less com- 
pletely preserved dentition, and some of them embracing portions of the 
limbs and vertebree. 

These specimens are all intermediate in size between those referred 
to the O. morsitans and the O. forcipata, and are readily distinguished by that 
test from those species. They differ among themselves in the relative 
development of the internal heel of the third superior premolar; in some, this 
heel is well marked; in others, quite rudimental. The inferior sectorials of 
the individual regarded as typical of the species differ from the correspond- 
ing ones of the O. forcipata in the relatively smaller size of the interior 
tubercle; it is very insignificant in the O. lupina, and does not reach the 


elevation of the line of the anterior cusp, while in the larger species the 
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two cusps have the same elevation, and the interior is separated from the 
external by a fissure. How far this character will define large series of 
specimens, I have no means of knowing; but it is constant in four of the O. 
forcipata. 

The typical specimen of the O. /upina includes part of the dentition of 
both jaws, with bones of the cranium, limbs, and vertebree in a fragmentary 
condition. The fourth and fifth superior molars have well-developed anterior 
tubercles and elongate posterior blades; the internal heel of the fourth is 
large, much exceeding that of the fifth, and there are no intermediate tuber- 
cles: both have a weak internal basal cingulum. There is a weak external 
basal cingulum on both. The third premolar has no anterior basal tubercle 
in this or any of the other specimens, but the heel has a median cutting- 
edge nearly as long as the long diameter of the large compressed median 
cusp. There are faint cingula on both bases of the crown. In a more 
anterior premolar, the posterior blade is reduced to a trenchant cusp, and 
the principal cusp has low cutting-edges. Its external face is convex; the 
internal, concave in the longitudinal direction. The crown of one of the 
small median incisors is larger in antero-posterior than transverse diameter, 
and contracts to a short subconic apex. 

The posterior lower molars have a small heel, one border of which 
forms a cutting-edge higher than the other; the anterior cusp is much less 
elevated than the external median, and is obtuse and without basal tubercle 
in front. It differs in this respect from the three specimens of O. forcipata, 
where the corresponding part of the tooth is preserved. In these, the anterior 
margin of the anterior cusp is an acute edge, with a subacute lobe at the 
base. The canine is a vertical oval in section at the base of the crown, 
and the enamel extends much farther downward on the external than the 
internal face, as in other species of the genus. The enamel of the teeth is 
rugose with impressed puncte, which are least marked on the penultimate 
superior molar. . 

A caudal vertebra of the same animal, without neural arch, is of full 
relative size, and quite slender in form, indicating a long tail for the species. 
A wide saucer-shaped bone, resembling the navicular of a Bear in form, is 


wider than that of Canis and Felis: it is thin and concavo-convex. One 
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border is concavely emarginate, with a small tuberosity. Its convex face is 
smooth, with a slight interruption, and is undivided. Another bone resem- 
bling that which I described as cuneiform in Synopolotherium lanius is 
deficient in one end. One side presents a concave facet, the other two 
parallel concave facets separated by a ridge. The precise reference and 
relation of these two bones are rendered somewhat obscure by their incom- 
pleteness. Portions of three metapodial bones are relatively of small size, 
and have the proximal articular faces slightly concave in an antero-posterior 
direction. The shafts are cylindric, and the distal articular condyle slightly 
oblique, with strong lateral ligamentous fossee, and small inferior keel. A 
proximal phalange is of appropriate size: it is everywhere flat, and is 
widened at the proximal end by lateral tuberosities. The distal end is con- 
tracted, and the articular face angularly concave below. The tendinous 
insertions are a pair of longitudinal tuberosities. The patella, as well as 
the bones of the feet, are small in proportion to the size of the teeth, 
indicating small limbs and feet. The patella is stout, and has the inner face 
moderately convex in transverse section. 


Measurements. 
M. 
Length of the crown of the penultimate superior molar... .. .............--- 0. 018 
VAUD COUGHS INS vee ee soe c ARSM erie et Om Rens eo SOS > SaCUNG Las. UE 0. 013 
eneth of the posterior blade of the:same’.-.o26 2- see nee tre otitis oe cine ee 0. 009 
Hlevationiotethercusps,Oteuhe:rsame ta. em seller tee seerinelen ios Seek oie 0.011 
Length of the crown of the antepenultimate molar....................-..- Se OlOls: 
Wiad throtethe samelpancttoctec ecco asic onits cttel teres lot sinint pares eae ere SESS aE 0.015 
Lengthrof the posterior blade.of the samezs..-- 220 5-- 5.452. 2st eee ce 0. 006 
Elevation of the median cusp of the same.............-....-222. 2 Nepeitenrce 0.012 
Meng thsotmthecrown of thesthirdjpremolar: sass. os -1-1= emo eeer ce eiaen i ceecie's 0. 017 
Wradthiof the same) <5... 22.5. ble tolefeiatetalaiataketerevalaieleatorersiertaisietei= micieieerei toe 0. 009 
Length of the posterior blade of the same ...... ..--...... siatavaiate asta iovetiersto 0. 005 
Hlevation of the median’ cusp.of the’same-..-.5.---...-....---.---- Baersicvere 0.011 
Length of the base of the last inferior molar. ................ Bab aere ocEee 0. 017 
engthiofs the heel othe same seta cea sacs tela ce ete ceicone cee see 0. 005 
Widthyof. the! base of thersame:: 5225-2 saisteieeisacihan cet eieeisio ceieiersicle cloitoie cic 0.009 
Elevation of the median cusp of the same .........-.......... Mrcfarcte craic et's.oie/s 0. 012 
Hlevationtofetheanterior cusp) of the same) -peen-i-maeeieeeiecciense ccc. occ c 0. 008 
Diameter of the base of the crown of the canine ...........5......2.-.....- 0. 014 
Widthrofathespatellaricr cc. ecm cteracine = ci misiserteeteeeiereterepteicionveiais sis +0018 0.014 


Long diameter of the head of the metapodial bone........................-. 0. 010 
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Ihength of a proximal phalanges-ccsecie- eines = ine neice ee Seste er eeeeee 0. 015 
Vertical diameter of the proximal end of the same .........--. Meise Seater 0. 005 
Weneth of a caudal vertebra ce waccme eee ee ieee eee erence nee 0. 026 
Diameter of the extremity of theysame -- eo ssee oes cele ee sees eee eee 0. 010 


The pieces above described were all found together and alone, where they 
had weathered from the rock, and without apparent intermixture of other 
individuals. Accompanying them is the olecranon and adjacent portion of 
an ulna of such small size that I hesitate to refer it to the same species. It 
may pertain to it however, and, if so, indicates a reduction in the size of 
the fore limb still greater than that observed to characterize the hind 
limb. The end of the olecranon is subvertically truncate and compressed, 
and vertically grooved: its depth, 0.012; length, 0".012; depth of ulna 
at the glenoid emargination, 0™.008. 

The second specimen, of the same size as the preceding, presents nearly 
all the teeth, except the last two inferior molars, so that some specific charac- 
ters cannot be verified on it. The remainder of the fragments are all cranial. 
The superior molars are a little smaller than those of the typical specimen, 
but resemble them closely, except in the rather larger inner tubercle of the 
third premolar. The posterior transverse molars of both sides are partially 
preserved, exhibiting an external blade, a median cusp, and a small lobe of 
the blade between them. Of the inferior premolars, only the fourth possesses 
an anterior basal tubercle; the second, besides the posterior lobe, possesses 
a posterior basal tubercle. The enamel is rugulose. There is a weak 
cingulum on the outer base of the true molars, and a similar one at the 
exterior base of the posterior lobe of the premolars. The foramen infra- 
orbitale exterius is of medium size, and issues above the third premolar. The 
mental foramina are two: one below the first premclar; the other below the 
posterior margin of the third premolar. 

The mandibular ramus. is deeper than in Dogs and Cats, and more 
compressed. ‘The inferior border is but little thickened, and is gently convex 
downward below the posterior molars. The masseteric fossa is well defined 


anteriorly, but not inferiorly, and the coronoid process is elevated and thin. 
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Measurements. + 
Mensthyofitheriniterionmolar series eee cee ee se ace cence csc ces meee 0. 0725 
Hengthi of the inferior premolar-series=5-cee \j- <= sien <)seeriesic es ieee) OL 0ASD 
Dep thiofsthe ramus atithetthirdipremolare--. sce fac ccles seiseiee ses ere sc cc ee 0, 0275 
Width of the ramus below the third premolar......-....-.....:-ceo-c e+e 0.0120 
Depthormtheramusiat thelasti molar. 2: S. d2s6 sec ackce nese Defer aieiaretaree Sec 0. 0335 
Thickness of the coronoid process at the base................- prio et tatens ote ore 0. 0120 
Length of the four po=terior superior molars ......... .-...-..-..-0.---- eee 0. 055 
Meno hota heirs bat huommMOlarace ss awa tener circle ae citi tectettis se soe ers 0.016 
Width-ofsthetirst true molar’: (2. Joc. sce eck coms tes eee Or asc 0. 015 
Wenz thotethemsecondytrucin ol ara. seme seers e-eeie cones ee nee eens 0. 016 
Width of the third (transverse) molar............+....-.--.- seeeoaseeannae 0. 018 
enethot the five:anterior inferior molars). -0° + cle <!2 ee! senile reo sce cece ces 0. 054 
Long diameter of the base of the inferior canine......-...-... 2.222.220 e-e- 0.015 


Portions of both maxillary bones, with teeth of a third individual, add 
some characters. From it we learn that the first superior premolar is one- 
rooted; that the second has a short posterior basal tubercle and a weak 
basal cingulum in front. 

A third individual is represented by a portion of the ramus mandibuli 
supporting the premolars, by the first true molar separate, and by other 
pieces. This specimen I formerly alluded to as belonging to the O. morsitans 
(Report on Vert. Foss. New Mexico, p. 13). The first, single-rooted pre- 
molar is absent, perhaps abnormally, as there are no other marked characters. 
The posterior mental foramen is below the anterior part of the fourth pre- 
molar. Depth of ramus at posterior border of symphysis, 0".027; thick- 
ness at the same point, 0.015; depth of ramus at posterior border of fourth 
premolar, 0.028. 

A fifth individual is represented by a portion of the mandible support- 


ing two molars. 
= b | 
Oxyzna forcipata, Cope. 


Plate xxxv, figs. 7-12; Plate xxxvi; Plate xxxvii, figs. 1-5. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 12; Id. 
Ann. Report U. 8. Geog. Survs. W. of 100th M.; 1874, p. 124. 


This, the largest species of the genus, is represented in five individuals, 
chiefly by cranial fragments. The type of my first description embraces, 
among other parts, both mandibular rami with most of the teeth, with some 


of those of the maxillary series. 
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The rami are stout, with well-defined masseteric fossa and masseteric 
ridge. The anterior extremity rises in a regular open curve with the canine 
teeth, which are directed strongly upward as well as forward. The inferior 
border is thickened, and somewhat flattened, narrowing posteriorly, and 
bounding a longitudinal shallow concavity below the premolar teeth. The 
juner alveolar border is not protuberant. One mental foramen is below the 
first, the other below the fourth premolar. The first one-rooted premolar 
is a stout tooth; there is no anterior basal tubercle on the second and third 
premolars, but a distinct one on the fourth. There is a small compressed 
tubercle at the base of the anterior lobe of the last or second sectorial 
molar, which is acute in front as well as behind. This tooth is larger than 
the penultimate. The enamel of all the teeth is quite rugose, although they 
are well worn by use. 

The premaxillary bone displays the two very small median and large 
exterior premaxillary teeth. The superior parietal. walls are a three-sided 
mass of bone, of extraordinary thickness, excavated in front by the large 
cells of the frontal sinus. The sagittal crest is much elevated, and the 
external surface slightly concave at its base. 


Measurements. 
M. 
Length of the inferior dental series................0- ee-200s- “an osgSSSesue 0. 103 
Depth of the ramus at the last molar...... ............ SpA pGOSoor Soars 0. 040 
Depth of theiramus:attheisecond, premolar. —--<-.- -.- sce dd. were scree ce cteee 0. 030 
Diameter/of theycaninestooth ess a2c <.c.s.cfcs Seis Sincs yet wie © a feyaraiele elena ele ie steerer 0. 019 
henrth of thespremolarsertesios motes acc ices yaie ene eile ee eee 0. 035 
Length of the base of the penultimate molar......-...2.......25-.ce20---0: 0. 016 
Length:of thesbasevot theyastimolaries =) o- ier sictuersieieeutalo senor aie aoe 0. O19 
‘Width. of the:base: of, thellastsmolar: =. -.<.. 2 - o6- eace 33 escis sae- eee 0. 012 
Blevation.of the-crowntof ‘thetlashimolaren ... oc seco se celeie cine se cies =e (OS0L9 
Width of the penultimate superior molars... Sonic oto ce: wcecie oe scse sees 0. 017 
Width- of the sagittal: masssof. the cranium cee oo cl- ste aig eee ee 0, 024 
Hepthto  the-baseiof ther crestije cece societies les ict =o oodead odor dees 0.015 


. A second specimen includes inferior molars and canines. -The former 
display typical characters; the latter have very stout roots and curved, 
regularly acuminate crowns. The apex is quite acute, and a band is worn 
through the enamel by the friction of the superior canine, commencing on 


the upper side of the apex and extending to the supero-external side of the 
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base of the crown. The enamel border is deeply emarginate at the base 
on the inner side, as in the other species. The enamel surface is rugulose 
on all the teeth, and on the canines the rugosities are thrown into longitu- 
dinal shallow grooves. 


Measurements. ¥ 
Length of the base of the last inferior molar. -.-...------..---+.---+++--+--- ~ 0.021 
Length of the heel of the last inferior molar .........-..-.-.-----------+-+-- 0. 007 
Widsnormthebase otathouastbinterior MOlit esc cctscteaieisie = cls sale wa cisieteciee = 0. O11 
Milevatonror theiiuteriorcusp Otathe Same. — +222 - = ee alee = se ee a 0. 017 
iBlevationiof the exterior cusp of thersame.22. . o.-i-ci- 0s=e oineiei ini = 0.012 
Mleyation ofthe! anterior CUSP/OFithe SAMO... coats lao \einieines =l-lelsiajeisie ael== io 0. 012 


A third specimen presents many fragments of the cranium, including 
some molars in place in the mandible. The frontal bone is concave in 
transverse section, and its posterior part is deeply grooved as it rises to the 
base of the crista sagittalis, where its posterior suture forms a median acute 
angle directed backward. The sides of the base of the sagittal crest are 
slightly concave. The malar bone is especially thick below the postor- 
bital process. The premaxillary presents a marked but open groove in front 
of the canine, and the lateral ascending portion is narrow antero-posteri- 
orly and transversely. The mandibular ramus displays a large and deep 
masseteric fossa, with a well-defined inferior border. The inferior border 
of the jaw at the angle is slightly ineurved. 

The interior surface of the frontal and parietal bones is represented on 
Plate XXXV, fig. 7. The frontal sinuses are of large size, expanding out- 
ward and backward above the outer portion of the olfactory lobes of the 
brain. The postero-internal border of each is marked by six longitudinal 
fossee. Enough of the surface of the brain-cavity remains to enable me to 
determine a number of important peculiarities in the form of the brain. 
A cast of this surface is represented on Plate LXIII, fig. 5. From 
this it appears that the olfactory lobes were disproportionately large, 
and the hemispheres disproportionately small. The former are greatly 
expanded outward and upward; the latter were narrowed and depressed 
in front, and give no indication of overhanging even the bases of the 
olfactory peduncles, as is observed in the lowest existing Mammals. The 
olfactory lobes appear, on the contrary, to be continuous with the anterior 


extremity of the hemispheres, as in Arctocyon and in Reptiles. The rib, 
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representing the superior longitudinal sinus, is distinct, and of equal width ; 
there are no grooves distinguishing convolutions on that part of the surface 
of the hemispheres which can be obtained by moulding. The posterior 
part of the hemispheres does not appear to have been expanded, judging 
from the form of the parietal bones. 

The sixth specimen is referred to this species with question, as the 
penultimate inferior molar (the only tooth preserved) is larger than the 
corresponding one in those above mentioned; the length of its base is 0".018, 
and the width 0".009. -It is accompanied by various fragments, among 
which is the distal extremity of the tibia. This resembles that ascribed to 
the O. morsitans, and differs from that of Ambloctonus and Stypolophus in the 
presence of a subacute longitudinal angle of the extero-posterior margin of 
the shaft, giving the section an acuminate outline at that point. The 
internal malleolus is greatly produced and thickened, and the posterior 
astragalar border is even more oblique than in the other cases described; a 
portion of the anterior border is subhorizontal, The posterior face of the 
shaft is longitudinally concave. Long diameter of shaft, 0".016; short 
diameter of the same, (".012; diameters of astragalar face, 0".018 and 0".015. 

This animal differs in specific characters from the Wyoming Carnivores, 
already referred to, in the greater robustness of all its parts. From Syno- 
plotherium lanius, it also differs in the regular increase backward in the size 
of the molars. In the Wyoming species, the penultimate is largest in the 
lower jaw. 

The fragments of the Oxyena forcipata are as large as corresponding 
parts of the Jaguar. 

A comparison of the cranium of this species with that of the Jaguar 
reveals the following differences: The tooth-line of the lower jaw is of the 
same length, but includes six teeth instead of three. ‘The ramus is deeper, 
especially posteriorly, but-it gradually narrows to the canine tooth instead 
of continuing nearly horizontal to the beginning of the symphysis, and then 
abruptly rising. The latter arrangement in the Jaguar is related to the more 
vertical direction of the canine teeth. The Bear is a little nearer the Oxyena 
in this respect, but not much. The produced inferior border of the masse- 


teric fossa of the Cats is wanting in the Oryena, as it is in the Dogs and 
to} b] 
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Bears. The zygoma and glenoid cavity are similar in size and other fea- 
tures to those of the Jaguar, but are much thicker and more robust in the 
Oxyana. Especially is the brain-case smaller and narrower, while the supe- 
rior osseous walls are much thicker, and the sagittal crest more elevated 
than in the Jaguar. The frontal region is concave in transverse section in 
the Oxyena, convex in the Jaguar. 

STYPOLOPHUS, Cope. 


Scypolophus, Cope, Second Account New Vertebrata Bridger Eocene {Paleontological 
Bulletin No. 2), p. 1, Aug. 3, 1872; Proc. Amer. Philos. Soc., 1872, p. 466; 
Ann. Rept. U. 8S. Geol. Surv. Terrs., 1872, p. 559. 

? Prototomus, Cope, Report Vert. Foss. New Mexico, 1874, p.13; Id. Ann. Report U. 
S. Geog. Survs. W. of 100th M., 1874, p. 125; System. Cat. Vert. Eocene New 
Mexico, U. 8S. Geog. Survs. W. of 100th M., 1875, p. 9. 


Molars seven below, 7. e., four premolars and three true molars, and 
probably the same number above. Inferior true molars consisting of three 
elevated cusps in front, and a low horizontally-expanded heel behind; the 
external cusp largest, the internal smallest, and the anterior intermediate, 
forming with the external a short sectorial blade. The inferior premolars, 
two-rooted (the first only seen in S. hians); the crown consisting of a com- 
pressed cusp and short trenchant heel. Of the superior molars, the last is 
‘narrow, transverse, and with a blade-like crown. The two preceding have 
crowns forming right-angled triangles in horizontal section, the right angle 
being the antero-external. The antero-posterior cutting-edge consists of two 
cusps in the middle, and a short blade at the posterior angle of the crown. 
The internal angle supports a cusp. The last premolar has a trilobate sec- 
tion at the base, and supports a median subconic cusp, a short posterior 
blade, and an internal tubercle. The second premolar is compressed, with- 
out internal heel, and with a rudimental posterior one, The first premolar 
is two-rooted in S. hzans. 

The species of Stypolophus of which I obtained the best preserved 
remains is the S. viverrinus, an animal about the size of the domestic cat. 
Its mandibular bones and teeth are unknown, but I have derived from it the 
characters of the dentition of the maxillary bone, as above stated. The 
maxillary teeth of the S. multicuspis are similar in generic characters, and 
of this species I know almost the entire dentition of the lower jaw. 

The posterior part of the cranium of S. viverrinus displays a low sagittal 
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crest. The supraoccipital bone has a moderate extent on the upper surface 
of the cranium, supporting part of the sagittal crest, as well as the promi- 
nent oblique ones of the inion. The front is rather wide, and the nasal 
bones are flat, and but little narrowed posteriorly. The lachrymal foramen _ 
is large, and entirely within the prominent anterior margin of the orbit; it 
is of a vertically oval form. A suture extends from it postero-externally to 
the rim of the orbit, and then returns forward and upward on the facial 
surface, inclosing what I suppose to be the lachrymal bone. On cleaning 
the surface, I cannot trace any lachrymal bone posterior to the foramen, as 
is usual in Carnivora (Canis, Felis), and must therefore suppose that this 
genus presents an external and anterior position of the lachrymal bone, as 
in Ungulates. The evidence of this arrangement is seen on both sides of 
the head. The foramen infraorbitale exterius is large, and issues above the 
third premolar. : 

The characters presented by the vertebree are those of the Creodonta in 
general, with the following modifications: A cervical is of medium length, 
possesses a hypapophysial keel, which is produced downward behind, and 
has but little trace of a neural spine. The neural arch is wide and flat above, 
and it is pierced on each side by a foramen not far from the lateral border. 
Two anterior lumbars, from just behind the flying ribs, have no diapo- 
physes unless a small, narrow, broken area indicates the base of a very rudi- 
mental one. This is at the anterior end of a strong longitudinal ridge, 
which marks the inferior part of the side of the centrum. The metapophyses 
are strong, inclosing the anterior zygapophyses of the succeeding vertebra 
on the lower side. In Ursus arctos, Canis familiaris, and Felis catus, there 
is no vertebra intervening between the last bearing a rib and the first bear- 
ing a diapophysis. In Ursus arctos, the centra are short, and the diapoph- 
ysis occupies an elevated position. In Stypolophus viverrinus, the centrum 
is moderately elongate, and the ridge representing the diapophysis has an 
inferior position, resembling rather Canis and Felis in these particulars. A 
portion of the sacrum preserved shows it to have been of robust propor- 
tions. Besides the superior intervertebral foramina, there is a small one 
each side of the neural arch in front of the posterior zygapophysial ridge. 


A caudal vertebra is relatively large in all its dimensions. 
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A fragment of the femur shows that both the great and little trochanters. 
are well developed, the former inclosing the usual fossa. The distal halves 
of both tibiae are preserved, one of them adhering to a mass of the vertebre. 
The shaft below the middle is subeylindric, while the distal end presents 
the peculiarity common to all the flesh-eaters of the Eocene of New Mexico. 
The astragalar surface is without groove, and is oblique both transversely 
and longitudinally. The inner extremity of the bone is produced down- 
ward, fitting the inner oblique face of the astragalus, as well as the con- 
cavity of the side of the neck by its end. There are no strong ligamentous 
grooves. The bones of the feet are unknown. 

A comparison of such portions of the limb-bones as I have observed 
(those of S. viverrinus) with those of Felis catus (domesticus), Canis fami-— 
liaris, and Ursus arctos, has the following result: In the humerus, the 
tuberosities are not so pronounced; especially is the great tuberosity more 
produced upward and outward in the recent genera, whence the bicipital 
groove is deeper. In Ursus arctos, the greater tuberosity is also produced 
more posteriorly, and in all of the species named its posterior bounding 
ridge is more pronounced on the shaft than in P. viverrinus. The great 
trochanter of the femur has the elevated position of that of Felis and Canis 
rather than the depressed form of that of Ursus, and the compressed and 
moderately elevated distal end is that of the former two rather than like 
the same region in the latter genus. The distal end of the tibia is unlike 
that of either of the three genera named, but resembles most that of Ursus. 
The entirely distinct character of the astragalar articular extremity has 
been already described. The anterior end of the shaft is convex in 
S. viverrinus, flat in Felis and Canis; flat behind in the former, convex in 
the latter. The external end of the shaft is transverse in S. viverrinus, 
oblique in Canis and Felis, especially so in the former, being more or less 
parallel with the inner astragalar groove, while in S. viverrinus it diverges 
from the angle which represents the groove. The tendinous groove is 
wider and better defined than in C. familiaris, more resembling that in Felis. 
The inner malleolus is more anterior in position than in the two genera 
named, and bears a distal articular facet, which is wanting in Felis and 


Canis. As compared with Ursus arctos, the inner malleolus is more pro- 


112 * CREODONTA. 


duced, and the outer distal border quite different; the truncate outline of 
Stypolophus being represented by a tuberosity. The anterior face of the 
shaft is convex in Stypolophus, concave in Ursus arctos; the posterior flat in 
the former, convex in the latter. The entire distal end of the tibia is more 
transversely expanded in Ursus. 

This genus, as now defined, is identical with that called by me, in 
previous papers on the paleontology of New Mexico, Prototomus. It may 
be found to be proper to use this name; but for the present I use an older 
one, which I proposed for similar flesh-eaters of the Bridger Eocene of 
Wyoming. Unfortunately, I am not able to state the number of the tuber- 
cular sectorial molars of those animals, as my specimens only have the last 
two preserved. The structure of the separate molar teeth of both jaws is 
identical in the species from the two regions, and it is even possible that 
Prototomus multicuspis is identical with Stypolophus aculeatus,* Cope, which 
is an older name. 

The three tubercular sectorials in the lower jaw, and the two bicuspid 
molars in the upper, distinguish this genus from the allied Oxyena. 


Stypolophus viverrinus, Cope. 
Plate xxxviii, figs. 1-11. 


Prototomus viverrinus, Cope, Report Vert. Foss. New Mexico, 1874, p. 13; Id. Ann. 
Report U. S. Geog. Survs. W. of 100th M., 1874, p. 125; System. Cat. Vert. 
Eocene New Mexico, U. 8. Geog. Survs. W. of 100th M., 1875, p. 9. 


This small Carnivore is represented in our collections by portions of 
the skeleton of a single individual. These embrace a cranium somewhat 
distorted by pressure, and with the nose broken off; vertebrz from all parts 
of the column; parts of the humerus, femur, and tibie. 

Although abnormally depressed in the specimen, it is evident that the 
frontal region was wide, and the muzzle rather rapidly contracted. The 
JSoramen infraorbitale exterius is large, and issues above the third premolar. 
The molars are worn, indicating an adult animal. The first premolar is 
wanting in the specimen; the second is compressed, and with the median 
cusp rather low; its base is produced anteriorly, but is without tubercle. 
The heel is elongate, trenchant, and recurved behind. The third and fourth 


* Triacodon aculeatus, Cope, Proc. Amer. Philos. Soc., July, 1872. 
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premolars are destitute, or have but a trace, of external basal cingulum. 
A narrow basal ledge connects the internal heel of the fourth with its anterior 
basal tubercle. There is an external basal cingulum on the first and second 
true molars, but none on the base of the internal heel. An angular tubercle 
stands between that of the internal heel and the anterior one of the central 
pair, on the first and second true molars. The \/-shaped shear which works 
against that of the antero-external side of the inferior tubercular sectorials 
is formed by the posterior of the two median cones and the short blade of 
the posterior external heel. The last and transverse molar has a median cusp 
and small internal heel. A fragment of a lower jaw of a small Mammal of 
similar size accompanied the cranium, which was supposed to belong to the 
same animal when I first described this species. Additional specimens of 
other species of the genus have led me to the conclusion that this fragment 
belongs to a different genus, and was accidentally introduced among the 


remains of S. viverrinus. 


Measurements. 7 
enetihvof theilastdive* molars. -.2% lem. = siento ete eit tetei clatter cle iaeara aero 0. 0250 
Length of the true-molar series .........--.- fe SSA NTT pare eesers as - 0.0135 
length of the last premolar... ...2..25 .2.5-.2-- Saco mea Sepa E ee =. 0.0060 
VAI GeO ese neMennocmeeeccoccs 0 sacGs -dkcededan boeads Ameau cas 0. 0050 
Length of the penultimate molar ..........-..-- eee: AGEOESSOCROAOOSE 0. 0050 
\itatila th (oP TANARIS aes oie epee ne me Se S5 dene On SAREE BEST eee OLOUGS 
Width of the last molar.....-- Peper ar ear See Tea naUs a o.c ae Co eee 0. 0047 


A cervical vertebra is not shortened, and the centrum is depressed 
and one-third longer than wide behind. The anterior lumbars are less 
depressed, and the centra are marked below by a median protuberance in 
front, and an infero-lateral tuberosity on each side, causing the existence 
of a subtriangular, irregularly flattened area on the anterior two-thirds of 
the inferior surface. The superior face of the neural arch is grooved above 
in continuation of the emargination between the posterior zygapophyses. 
The spine only rises from the position of a keel between the anterior 
zygapophyses, where it has a small basis directed forward. A lumbar from 
a more posterior position has a median keel-like angle dividing the inferior 
aspect of the centrum. On the sacrum, the neural spines and zygapophyses 
are indieated by longitudinal and oblique ridges. The centrum is depressed 
at the anterior extremity. The transverse processes are massive but not 

8GR : 
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long. «A caudal vertebra is of moderate length, indicating a well-developed 
tail. It has large diapophyses, and a narrow median plane below, a little 
wider at the ends of the centrum. 

The head of the humerus has about equal transverse diameters; the 
condyle is slightly produced posteriorly, and then strongly recurved. The 
greater tuberosity is not produced in any direction, and is flat on the outer 
side; the lesser tuberosity is rather protuberant, bounding a wide, shallow 
bicipital groove, which is not defined on the shaft. The great trochanter 
of the femur is slightly expanded transversely, and is connected with the 
head by the usual broad plate, inclosing with it astrong fossa. At the base 
of the little trochanter, the section of the shaft is oval, with the external 
end narrowed and the internal widened, as in that of the egg. The distal 
end of the femur is somewhat compressed, with a moderately elevated patellar 
eroove, with slightly unequal bounding ridges. The condyles diverge 
slightly, and are marked on the outer side with pit-like muscular insertions. 
The middle of the shaft of the tibia is cylindric. The distal end presents 
the peculiar character already observed, and noted under the head of the 
genus. The posterior face of the bone is flat for the distal fourth, and is 
separated from the outer face. by a longitudinal solid right angle. The 
anterior face is convex, and the horizontal border of the distal or astragaline 
surface forms a right angle with the produced malleolus of the inner side 
of the bone. The posterior margin of the astragaline surface is very 
different, being a straight diagonal, which crosses the plane of the anterior 
border at the angle just mentioned. The inner face of the distal part of 
the shaft is flattened-convex, and expands to the distal end of the malleolus. 
The inferior margin of the latter is oblique, the anterior margin being pro- 
duced. <A large shallow grooye marks its posterior part, which is divided 
by a faint longitudinal ridge, indicating the positions of the tibialis 
posticus and flexor longus digitorum tendons. It is bounded by low ridges, 
the posterior bounding the plane posterior face of the shaft. 


Measurements. 


M. 
Length of the centrum of a cervical vertebra..-... 222... 2.22002 sec core 0. 010 
Wadthrof theisame\ anteriorly sc8 vc ets ec ore Sate deterrent ena ere tesetoneieere 0. 007 
Width offthetsame‘posteriorly).-22- ac eee rics = Se eae varie 0. 007 


Depth of the same posteriorly . ......-...-..- Re ei tise Sate Rs hos en 0. 006 
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Extreme width between the zygapophyses behind...-..........-- ae 0. 015 
Length of the centrum of the anterior lumbar. .......-.--.--.------------- 0. O11 
Width of the anterior articular face of the same.....-....--.--.-..-------- 0. 009 
IBY ME WIE \Goqonomeepee ds Gobo as coons Dadonce ac sau Ronepd cnaoeeoopase 0. 006 
Elevation to the base of the neural spine ...-...--...------c--eee sees eee 0. O11 
Extreme width between the posterior zygapophyses....-. .----.-++---++------ 0. 0075 
Rotalswidthotthe sacrumianteriorly >. 2a... oo2 2 ewes ole mle cee ein Sam wins == 12 0. 0250 
Width of the same between the interneural foramina.....-....------------ 0. 0084 
Taye @eyolrin wt TRV hs Anode Soha spo Cee on bosaased a enGuoURUHoGcooes cogdaE 0.0120 
MepuhpomthecenvLaniim MOM bert sel leit satey clots eras crea ate ee oe = - - 0.0072 
Men gihvofe aCcAudall VELLEDTAje <tc arise alerole ia ere 2 foie) Aiofmiwiayy stn\e\~! oys)slay> eierel=yai=r=[12 0.013 
Diameter ofubhecentramsDehin dpsereicleys = eerie oraveletercte es eitalei a elaveiaie oie eens 0. 007 
Greatest diameter of the head of the humerus. .......-..-..----...-------- 0. 012 
Diameter of the shaft below the head....... Sea Aor aA tense oes 0. 008 
Transverse diameter of the shaft of the femur at the little trochanter...... 0.0126 
Transverse diameter of the same just below the little trochanter-........---. 0. 0085 
Antero-posterior diameter of the distal end of the femur........---..--.-.- 0. 014 
Wd dihwote thospatell arr OT OOO veri cratesorapat< tls eras eveterae: cote iaictolele tere erie siete oe ise 0. 0055 
Diameter of the shaft of the tibia at the middle......................-.--- 0. 0055 
Miametenor the distal, end (transverse) re =o chem etter eieiete clear aictereis eieeiore ric 0. 0095 
Wiameter'of the same, (antero-posterior)! —- 2-2 seer wet salepereini-- wiles sere == 0. 0066 


The size of this Carnivore was less than that of the domestic cat, and 
perhaps nearly that of the skunk. 


Stypolophus secundarius, Cope. 


Prototomus secundarius, Cope, System. Cat. Eocene New Mexico, U. 8. Geog. Survs. 
W. of 100th M., 1875, p. 9. 

Represented by an incomplete mandibular ramus, which supports four 
molars. The penultimate has a well-developed heel, whose outer border is 
elevated and acute, and turned in, so as to approach the middle of the 
crown. The fourth molar from behind has a heel with a symmetrically 
median cutting-blade. Enamel smooth. The ramus indicates a species the 
size of an Opossum, and intermediate between the P. viverrinus and the 


P. multicuspis. 
Measurements. 


Length of the crowns of two anterior true molars .....-.-..-.-+----+--+----- 0. 0150 
Hienethor. the: penultimate molar =o. occ rc miter teeie leet te eleleietaletel-t-elokelela =i (~~ 0. 0075 
AKAGI Oe (HCY Some Dee E Ee DOPOAOGOISOOESCOCCCe 250.06 Koocesoug. Jooueoger 0. 0083 
Depth of the ramus mandibuli at the penultimate molar ............--.---- 0. 0125 
Thickness of the same at the penultimate molar........-.-.....-.-.....-.. 0. 0050 


Length of the crown of the third premolar........-. eer s e e areas oy sss, On0080 
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Stypolophus multicuspis, Cope. 
Plate xxxix, figs. 12-14. 
Prototomus multicuspis, Cope, System. Cat. Vert. Locene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 10. 

Established on a series of superior molars, which accord so closely 
with two series of inferior molars as to leave no room for doubt that they 
pertain to the same species. One of the latter specimens includes the 
greater part of the right ramus of the mandible; the other the principal 
part of both rami. : ; 

The superior molars are twice the size of those of S. viverrinus, and 
have much the same structure. The last or transverse molar has less 
extent, and is inserted by one root only; the penultimate molar is wider 
than long; the antepenultimate longer than wide. There is a short blade 
in front of the double cone in the penultimate, but none in front of the 
corresponding cones in the two molars which precede. The cingulum of 
the inner base is very obscure. 

In the true inferior molars, the three anterior cusps are much elevated 
above the heel. The latter is quite elongate on all of these teeth, and 
forms a cutting-blade on the last premolar and anterior two molars; the 
second and third premolars support a low, trenchant, posterior heel. No 
external cingulum; enamel smooth. Rami of the mandible slender. 


Measurements. 
M. 
Thength of the:posterior four ‘molars... = SB soca iolesicte oe ite eeie eee 0. 0270 
hengethrof the penultimate molars. ocr cetslalel tele ea eteteie acl 0. CO70 
Width of theisame@: 2 caoscewncaarottecetoise sone rie iee teenie erates 0. 0090 
Width of the antepenultimatemmolaric sc. 8. ote nes nee eee 0. 0070 
Width of the first molar. .... sraehli cai siavaPaicrstesieoioee eee anidqas me SeorE anes 0, CO6O 
beng thyof the ‘Same)-%)- 2 acts-tetsrers oateke rato astern BOGDOS SIAC tr ieee eee 0. 0075 
‘Hlevation.of ‘the:same.2: ise ceocee eee eee ee eer ee mee meee 0. 0050 
hength) of the last six inferior molars's-s..5- 2-22 s-lee eee Seneca aoe alteeaice 0. 0450 
‘engthiof three truemolarsmecss eo ocsetsene - < e ee eeee eee e eer Aeeence 0. 0235 
engthiof, the last-true molarteaassceeceeeea teats hoe eee eee 0. 0090 
Blevationiof ithe same:. -\-):.2 2, cies see area a ee rae era et ee 0. 0070 
eng thor theysecona true Molar. ac oe etn ee eee ee eee eee ae 0.0075 — 
Hleyationvof, the third premolars-2 cscs ete eee eee See cna te ie arate eee 0. 0035 
Depth of the ramus at the penultimate molar ....-.....-......5.--.2----- 0, GO15 


About the size of the Red Fox. 
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Stypolophus strenuus, Cope. 
Plate xxxix, fig. 11. 
Prototomus strenuus, Cope, System. Cat. Vert. Eocene New Mexico, U. 8. Geog. Survs. 
W. of 100th M., 1875, p. 10. 

Both mandibular rami, with representatives of all the teeth except the 
first premolar, form the basis of our knowledge of this Creodont. The 
characteristic feature is the great robustness of the jaw, as compared with 
the species last described, as well as the somewhat larger size. The third 
premolar has a cutting-edge and basal tubercle in front, which are wanting 
in the S. multicuspis. The third and fourth premolars are stout teeth, com- 
posed of a large cusp of lenticular section, and a trenchant heel. The 
fourth is thickened on the inner side, but the apex cannot be described, as 
it is broken away. The penultimate molar is larger than the last one, and 
its heel, like that of the preceding tooth, is well developed. The first true 
molar is smaller than the second, and its cuspidate portion smaller than the 
corresponding parts of the last molar. The inferior canine is stout at the 
base and acute at the apex. The external face exhibits two shallow longi- 
tudinal grooves, separated by a low convex rib. Enamel of all the teeth 
smooth, 


Measurements. 
M. 
henpthrot«the lastifive molars’. <2..)225 ossjeasteets Geciesa ene es ates ae ore 0. 0375 
itenethot the Jast premolars... 0:2). #2 sce us eee een eee cia ee ne 0. 0080 
mene tht ofetherfirststrUermOlares ov arie clsleicrslemes yelper -ieeisieis aieietecine = Soe oe 0. 0080 
henge throt- the second true molars. Sin. soreesafiaereratacis tae eee acres ere ites 0. 0080 
Wihidthiofethe sam enon)... otjs cris alasala a etnict iareia sins e ciel seit eres eevee erie mieralet-beecet se 0. 0065 
Menethrofcthe: lash true: m Olan sor =a cpemcintesinieto elias siete ee terrae tte et 0. 0075 
Wepthyof the jaw, at, the lastitrue molar’ 2. [ecole etaeieteistere =e seietesteielae 0. 0210 
Depthiof the jaw-at the'second premolar 2.5.2. ssa ss aaactelstieieeic cee slke coe 0. 0175 
Mhicknessiof the.jaw, at the Same 25.02 tee once leteisjeleiale ok etrin oe eieleieiete = eee > 0. 0080 
Wength) of; the inferior canines. <-> csiijeie ios aa Nelle eiaitneoeteeeicieee e's 0. 0123 
ihong:diameter of the same at the base ..-.- 02.2) 22.2.2 c cee tenes secs 0. 0065 


The thickness of the mandibular bones is twice as great as that of the 
species last described. 

Other species formerly referred to this genus were subsequently placed 
in Apheliscus and Pelycodus respectively. 
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Stypolophus hians, Cope. 
Plate xxxviii, figs. 12-20. 


This species is represented by the greater part of the skeleton of one 
individual. The bones are remarkable illustrations of the result of pressure 
when in a plastic condition; their surfaces cracked in every direction, so 
that each one is a mosaic of pieces; but in many instances the normal form 
of the bones is preserved. Under these circumstances, I have concluded to 
describe it, as the unusually complete skeleton throws much light on the 
structure of the genus, and as the largest species of the genus, it may be 
profitably compared with the S. viverrinus, the smallest. 

The greater part of the skull with the mandible is preserved, but the 
teeth are all broken off. There were, however, seven iolars in the upper 
jaw, indicating that the species is not an Oxyena. ‘The last two lower molars 
are subequal, and the last superior molar is transverse. A character which 
distinguishes this species from the S. strenuus, besides its superior size, is the 
diastemata which separate the premolar teeth from each other in both jaws. 
These interspaces are as long as the long diameters of the teeth themselves. 
The inferior margin of the mandibular ramus is thick and slightly ascending 
anteriorly, where it gives exit to a remarkably large canine tooth, one which 
exceeds in relative dimehsions that of any other described in these pages. 
Its section is a vertical oval, flat on the inner face. ‘The roots of the supe- 
rior molars are as follows: First and second simply two-rooted. The third 
has the posterior root of double the usual width, its long diameter directed 
inward and forward, indicating the presence of a posterior or interior heel. 
The fourth premolar and first and second true molars subequally three- 
rooted; third true molar transverse, only two roots visible. The diastema 
between the canine and the first premolar is in both jaws so extensive as to 
lead to the impression that a premolar exists, perhaps with a single root, as 
in Oxyena lupina, but no such root or alveolus is discoverable ; whence the 
first premolar is two-rooted. The diastema following the latter is almost 
equally great, but the third and fourth pemolars are in juxtaposition. The 
Joramen infraorbitale posterior is above the anterior part of the fourth pre; 


molar. A character distinguishing this species from the S. e7verriius is seen 
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in the wide posterior part of the fourth premolar; in the latter, this tooth is 
narrow throughout. 

The posterior part of the cranium is preserved to a point a little behind 
the orbits. It is long and narrow, relatively even more so than in the 
Opossum, and is surmounted by an elevated sagittal crest throughout its 
length. The squamosal bone has a considerable extent upward and forward, 
but does not approach near the frontal, although the latter is extended 
downward and backward. This wide separation is characteristic of the 


Opossums; they approach nearer in Ursus, Canis, and Felis. 


Measurements. 
M. 
Length of the superior molar series trom the canine.........---.------+---- 0. 082 
Length from the canine to the first premolar ..---.-.--.-- aide oe toraleke epalstererae 0 009 
Length from the first to the second premolar...... ...-.-....-----.-.------ 0, 006 
Irene ihvo faethe) true MOlaLsmesee aera ste see eto eci-eios eek oe ees 0. 032 
Wadthiof theibase-of the third premolar ja.0 sec ett cil tei cicinte rier atel===, = 0. 006 
Wilthvotbherbase of te fourth premolars ctr siclecietereis ie steer = eee (OS009 
Whidthrotithe basesof the last: true molar 2s reject eiecea foes = eieiensicielnicte. «= l= 0. 018 
Vertical diameter of the inferior canine ..-.-.--- Bare rsitye ye cists ise aeeke oekig ee eye 0. 010 
Transverse diameter of the same ..--- Bia SRS IS eer areola ietcle Sitges te Seto ate oraieraie 0. B06 
lhengthiof the base of the second premolar’. 7-2. e-- -.  a  oe teie e 0. 007 
Length of the base of the last molar ...- .---+-2-+3---+5 .2--+52-2-+---+-- 0. 0085 
Length of the symphysis ......--- See Sorc aus baba aoeBeBAs oadepennnS 0. 035 
Depth of the ramus at the first prentolts BES g Gone au Soe ets a sno aBennenSeooeo 0. 020 
Depth of the same at the last molar ..--.-..-.-- re Raa eats Ma tapees SER Ss 08 Bene 0. 023 
Length of the brain-case preserved....-.-.---..------ 2--2 ++ eee ee eee eee 0. O70 
Transverse diameter of the same just behind the orbits... ....-.-...-.------ 0.0.3 


There are four cervical, two dorsal, six lumbar, and thirteen caudal 
vertebrae preserved, all more or less injured. The atlas has a large trans- 
verse process, which is perforated by the vertebral foramen, as in true Car- 
nivora, thus differing from Didelphys and Macropus. The perforation enters 
the base of the transverse process posteriorly, and issues at its middle infe- 
riorly, thus resembling /elis rather than Canis. There is a slight notch at 
the posterior base of the neurapophysis, not a deep one as in Macropus, nor 
a continuum asin Canis. A well-preserved dorsal vertebra is robust, and the 
stout diapophyses stand on the posterior inferior portion of the neural arch, 
This arch is elevated, and the spine is narrow. The centrum is regularly 


convex in section, and without carme. 
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The centra of the lumbars are depressed, the posterior much larger, 
and relatively longer than the dorsals ; their sides are concave so as to con- 
tract the middle line below. The caudal yertebree are elongate, and 

too) b] 
present the usual two inferior longitudinal angles. Their combined lengths 
are 0".480, or nineteen inches, and many are lost. 

; D y 


Measurements of the vertebra. 


M. 
Antero-posterior length of the base of the transverse process of the atlas...... 0, 016 
Vertical diameter of the facet for axis of the same........-..-..-.-.. Ee ak 0. 014 
Length ofthe centrum ofed dorsale ssc eis seein ieee ee eee 0. 018 
Vertical diameter ofthe samen. eis tee ete etele sree iensaietee eine oie erect 0. 012 
Transverse diameter of the'same) -.. .\.-<ces sore ce eee eee ees ee Mc ieee eee 0,017 
Hlevation ofthe neuraliarch): 2a... sees sce c aes see eee ee eee eee 0. 010 
Lenethvof the/basis'of the meurall spine vac. ac. cr. oe. c= fontaine = falialometeveiee ie eee 0. 010 
Lenethiof the centrum’ or aglOmbar! oe emi xe cpoter sein icleteioista = sinietate seele= ete steer etete 0. 032 
Vertical-diameter‘of theisame: > << sacs. Sco race cleveeiee eels eiseice seers 0. 013 
Transverse diameter of (hessame oe <s--cclersice etaieeel ee) eie see t siplyeeeiseee - 0.020 
Length: of a) median candala << cierto ee oie) Se tersiwlcinei cine cree ier 0. 027 
Diameter of the-centram of the same@:.:~ 2 - <5... e.ciecims clete wise eee ahyheties 0.012 
Length of a distal caudal .....-...- OG AOGMOSH ODIO OT DUS te om0e GaOandod ace 0. 031 
Diameter of the centrum of theisame).-.22.55..---)- cece see ote eee eee 0. 011 


The glenoid cavity of the scapula is a narrow oval, and is produced at 
the base of the coracoid process, which has a narrow basis and unknown 
length. The spine of the scapula rises abruptly a little above the border. 
The outline of the glenoid cavity is like that of Ursus americanus, but is 
produced at the coracoid as in Canis lupus, nearly resembling that of Didel- 
phys virginiana. The head of the humerus exhibits subequal diameters ; 
the lesser tuberosity projects more in proportion to its width than in the 
Wolf and Cat, and is larger than that of Ursus arctos ; it sends a strong 
rib down along the shaft. The posterior angle of the shaft rises between 
the latter and the posterior support of the head. Fragments of the con- 
dyles of the humerus indicate that they had considerable transverse extent, 
resembling in this respect the Bears and carnivorous Marsupials, rather than 
the higher Carnivora. The inner edge of the trochlear face is a raised acute 
border, and within it is a remarkably prominent epicondyle similar in pro- 
portions to that of the Opossum, and exceeding that of Ursus. The exter- 
nal part of the trochlea is subeylindric, and the olecranar fossa is large 


and deep. The olecranon is compressed, and longer than deep. 
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Measurements of fore limb. 


M. 
Transverse diameter of the glenoid cavity of the scapula ..........--..---.. 0. O14 
Hongitudinalydiametery of they Sam Cy ateyera aia oat d= aya rosellel =! aim tela afer e' tae a ratara'e\ ota 0. 02 
Transverse diameter of the head and lesser tuberosity of the humerus .......- 0. 026 
Longitudinal diameter of the proximal condyle of the humerus ....... aouscC 0. 020 
Antero-posterior diameter of the inner extremity of the distal condyles of the 
HNO beso eoonoo dogodu suesaS HuoSeaanonc sonsoddpsodou G6ectoose 0. 012 
Lene GF Wie OROmiIGNcsusseacobcsb pemecd enuaesorspsouEHnd au: begbaS odo 0. 023 


The ilium presents a stout tuberosity above the acetabulum on the 
outer edge of its anterior face, which is not seen in Didelphys, Macropus, 
Hypsiprymuus, Canis, nor Felis, and is feebly present in Ursus. In all, it is 
the seat of origin of the rectus femoris muscle. The extero-anterior angle 
of the ilium maintains its distinctness from the intero-anterior, so far as the 
ilium is preserved, and does not run into the same plane as in Felis, Canis, 
and Quadrumana; but it does not diverge from it so widely as in Didelphys, 
where its position gives the ilium a prismatic form. The form in the 
Stypolophus hicns is in this respect intermediate between Didelphys and 
Ursus. The sacral articular face commences but little beyond the line of 
the anterior-inferior spine, in which it resembles Ursus more than any other 
genus above mentioned. The ischio-acetabular groove is very strong, as 
in Canis and Didelphys; it is weak in Ursus. The pubis is lost. 

The head of the femur presents a fossa ligamenti teris, connected with 
the border by a shallow groove. The remainder of the bone is lost. The 
head of the tibia presents a very large cnemial crest and a distinct spine. 
The facets for the femoral condyles are separated by the tendinous emar- 
gination. ‘The external and posterior fossze are deeply excavated, and sepa- 
rated by the extero-posterior longitudinal ridge of the shaft. The distal 
end of the tibia presents characters like those of the other Creodonta. The 
inner malleolus is wide and produced, and the exterior extremity of the 
astragalar face is angular and recurved. The part of the anterior border 
of this face adjacent to the malleolus is at right angles to the latter, but all 
the other borders are oblique to it, especially the external parts of it 
There is an external angle of the shaft rising from the external angle of the 


astragalar face, and there are no marked tuberosities around the borders 
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an 


of the latter. The postero-internal ligamentous groove is well marked, but 
shallow. 

The caleaneum is wide and depressed anteriorly; posteriorly, it is 
compressed. Not possessing an entire bone, I cannot give its relative 
length. The cuboid facet is not oblique in any ‘sense, and is slightly 
concave. The distal ends of the metapodials are depressed, and have a 


low carina on the inferior aspect. 


Measurements of pelvis and hind limb. 


M. 
Longitudinal diameter of the acetabulum.......- RRerone cUactoen Se ron eas 0, 024 
Antero-posterior diameter of the ilium at the middle.....-..-. ness Sapa cere 0, 016 
Transversel diameter Of the! Same iaa reece afetaats la slete rele eistets steers Bodssohde 0. 010 
Antero-posterior diameter of the ischium at the base .........-........+---- 0. 017 
Diameter of the head of the femur (transverse) .-..-.....-..-- bjs (etafesctore epeerete 0. 018 
Auntero-posterior diameter of the proximal end of the tibia...--.........-..-- 0. 036 
Antero-posterior diameter of the distal end of the tibia.................--- 0. O17 
Transverse diameterion theisames- esse alee eels tele eee ce BSapas. s6s0te 0. 016 
Antero-posterior diameter of the astragalar face..........------.--0 s-20 soe. 0.013 
Vertical diameter of the shaft: of the caleaneum..........-..--.---.-------- 0, O13 
Vertical diameter of the cuboid facet of the caleaneum ..........:.,.-.-.--- 0. 010 


This species is smaller than the Canis lupus and larger than the Red 
Fox, and differently proportioned from either. On comparing the heads 
of the tibia and femur with those of the Wolf, those of the present species 
are observed to be but little smaller, while the head of the humerus is 
much smaller than that of the Wolf. In other words, while the head of the 
humerus is very large as compared with the bones of the hind limb in the 
Wolf, it is very small in the extinct species. The cranium of the S. hians 
is about the size of that of the Coyote. Hence we can suppose this animal 
as possessing relatively larger hind limbs than in the Dogs and existing 
Carnivora generally. 

The specimens which form the subject of the preceding description 
were all found together by the author, and without intermixture of other 
fossils. 

As the forms of the crowns of the molars of this species are unknown, 
it is not absolutely certain that it is properly referred to Stypolophus, but 
the number and positions of the teeth justify the reference so far as 


they go. 
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DIDYMICTIS, Cope. 
System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. W. of 100th M., 1875, p. 11. 


Inferior molars six, consisting of four premolars and two true molars. 
True molars, a posterior tubercular and anterior tubercular sectorial, 4. e., 
with three elevated cusps and a posterior heel. Premolars with a lobe 
behind the principal cusp. The canine teeth are directed forward, and are 
very close together, so that it is doubtful whether there were any incisors. 
An ungual phalange of the typical species is strongly compressed. 

The humerus in this genus is distally expanded transversely, and the 
margin is pierced by the humeral artery. The astragalus exhibits two 
entire trochlear faces; the wider external and directed intero-superiorly, 
the inner presenting supero-interiorly. They are separated by an obtuse 
longitudinal angle, and are little or not at all concave transversely. The 
form is depressed. The head supports a single transverse convex facet for 
the navicular, and, with the neck, is as long as the trochlear portion. 

The resemblance of this genus to the existing Viverra, in the dentition 
of the lower jaw, is so great that the only distinctive feature appears to be 
the deficiency of the full number of incisors. 


Didymictis protenus, Cope. 
Plate xxxix, figs. 1-9. 


Didymictis protenus, Cope, System. Cat. Vert. Eocene New Mexico, U. 8. Geog. Survs. 
W. of 100th M., 1875, p. 11. 

Limnocyon protenus, Cope, Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 
100th M., 1874, 15; Id. Ann. Report U. S. Geog. Survs. W. of 100th M., 
1874, p. 126. 

This fine species left its remains in moderate abundance in the Wasatch 
beds of the Gallinas country. As usual, the lower jaws were most com- 
monly obtained, and these represent six individuals. The size of this bone 
is that of the largest varieties of the Red Fox. 

Selecting as typical of the species the most completely preserved 
specamen, it may be observed that the ramus is-slender and produced 
anteriorly. The symphysis is narrow, the suture being close to the base of 
the crown of the canine where it issues from the alveolus. The posterior 


extremity of the suture is opposite to the anterior border of the third pre- 
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molar. There are two mental foramina; one issuing opposite to the first, 
the other opposite to the fourth premolar. The inferior border of the 
ramus is convex in the antero-posterior direction, and is not inflected below 
the masseteric fossa. This fossa is deeply excavated, shallowing gradually 
downward and outward. 

The canine tooth is large, compressed, and directed forward, judging 
by the character of the alveolus. The first premolar is broken at the 
alveolus; it was small, one-rooted, and directed forward. The other pre- 
molars are two-rooted. A marked character of the species is the relatively 
small size of the first true molar, or the tubercular sectorial. Its length 
antero-posteriorly equals that of the third premolar, and is less than that of 
the fourth premolar. All the premolars except the first are characterized 
by the presence of an obtuse lobe on the posterior cutting-edge, which is 
quite prominent on the third and fourth; these two have also a prominent 
anterior basal tubercle. The posterior part of these two premolars: is 
widened, so as to form a kind of heel, the posterior tubercle standing on 
the outer side, the cingulum-like heel extending round behind it, and termi- 
nating in a narrow basal cingulum which extends on the entire outer side. 
The heel is most fully developed on the fourth premolar, where it supports 
a small tubercle behind that of the outer side. The tubercular sectorial is 
distinguished from the premolars by the great difference between the eleva- 
tions of the anterior and posterior portions. The three cusps which 
constitute the former unite into a triangular mass at their bases. The inner 
and outer are opposite to each other, the inner the less elevated; the anterior 
is at the inner side, and is intermediate between the others in elevation, and 
forms the sectorial blade with that of the outer side. The posterior side of 
the united bases of the internal and external cusps is transverse and smooth. 
The heel is large, has a raised border and concave crown; the outer border 
forms an obtuse blade and is directed obliquely inward. There is a faint 
cingulum on the external base. The tubercular is composed of the same 
elemental cusps as the tooth preceding it, but differently proportioned. 
Thus the anterior three cusps are small, occupy a small part of the crown, 
and are not more elevated than the posterior raised border of the heel. 


mm . 2 s = = 
Che latter is elongate, and supports on the outer side an oblique cutting 
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tubercle which bounds a narrow basin on its inner side, and is bounded by 
a slight cmgulum on the outer. This tooth is about two-thirds the length 
of the sectorial. 

The dental foramen is large, and its inferior border marks the middle 
of the depth of the ramus. The ramus, while not exceeding in length that 
of the large varieties of the Red Fox, is deeper. No teeth certainly 
referrible to the superior series were found. 

Accompanying the jaw above described, I found a number of other 
bones of the skeleton, which I have no reason to doubt belonged to the 
same animal. They are so fragmentary that little more than measurements 
can be given. The distal end of the radius is about as large as that of a 
domestic Cat. Its carpal surface is narrow and transverse, and slightly 
concave in a transverse direction. The external tuberosity is a ridge of 
twice the length of that of the Cat, andis decurved. The superior tendinous 
groove is well marked; a smooth oblique face descends from it to the external 
border of the bone. The ilium is a stout bone, more massive than that of 
a Cat, and is distinguished for a large inferior anterior ‘‘spinous process,” 
of which only a rudiment exists in the Dog and the Bears, and still less in 
the genus Felis. The astragalar face of the tibia is uninterrupted by grooves 
or ridges, and the inner border is probably produced as in Oxyena, ete., 
though broken off in the specimen. There is a concavity on the outer 
margin of the neck of the astragalus to receive the extremity of the fibula. 
The astragalus is about as large as that of a Cat, and, as above remarked, is 
not grooved above, but presents two superior facets, of which the inner 
and superior is slightly concave. The interior side of the astragalus is 
vertical, and is mainly occupied by an extensive internal malleolar facet. 
The inferior aspect of the astragalus presents the usual interior convex and 
exterior concave longitudinal facets for the caleaneum. The distal extremity 
of a metapodial bone has strong ligamentous fosse on each side, and keel 
on the middle of the articular face below. An ungual phalange is com- 
pressed, and has a strong inferior tuberosity, and no basal sheath nor trace 
of one. The cotylus is not divided by a keel, and there are no large basal 
foramina. 
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Measurements. 


M. 
Length of the molars from the canine ........-.-.....-.... Wie sianafetsis acts sees 0. 0600 
Length of the fourth premolar..........- BAGanod DoOBOoUS Godd So obo ase noue 0. 0110 
Greatest width of the fourth premolar..............- sis euspeielo Nee ee eer 0. 0045 
Hlevation of the: sam ee eects sa stemiace sateen ee oie ae omee eo Oe 0, 0075 
Ihenp th of ‘thessectorialls-s-)..-cc eee eae eee eee eRe Leese Eee 0. OLUO 
Width. of the same) jsccrm aii) hee ae eecee ene Notes ctotuctctecicteeters 0. 0060 
engthjof thejtubercularsee-.sceee ee siSinis Soho s Stee alas aisetemieisve atareete 0. 0080 
Width of, theisameas..csa nse ea eit DORR Eee ORE Ener nes 0. 0045 
Depth of the ramus at the first premolar=s--- + s.ee-u ce sone eee eee ec oce eee 0.015 
Depth.of thesameatithe first,trocmolanae seen a eaice teen e eee eee 0.012 
Width’ of theidistalend ofthe madinsis-e- eee eee eee eee oe eee ee eee 0. 014 
Antero-posterior diameter of the shaft of the humerus...........-....- soe, - 05009 
Antero-posterior diameter of the neck of the ilium ...... ..:........-...-.. 0.011 
Transverse diameter of(the:samen ere ceseeeesa eee een eee eee eee eee 0. 009 
Transverse diameter of the shaft of the femur ............. BSS AS aa oe 0.012 
Transverse diameter of the shaft of the tibia-.........-........ aio) stevergeceiereress 0. 008 
Transverse diameter of the distal end of the tibia ......................5-- 0.013 
ensth of the astragalusi=-- sce sae eee BRO eC HEE ener a5 0.020 
Width of the’same’ behind 92.222 see semcmisciee m aric ame meeisiee see ace 0.012 
Width of the navicular facet.....-..........- atte eatin se See eee ee eene 0. O11 
Depth-of thersames.;:3..jceksiee ane eines ese ae eee Re eo eee ere 0. 005 
Mepthrof the external faceibehind x2. seca ee one cee eee eee ae eee 0. 007 
Depthrofsthemne nist bheybaseeasen eee eee a ete eric SS coon 0. 007 


Diameter of the centrum of a caudal vertebra..... _......-..-----..-. --- 0.007 


The caudal vertebree associated with this specimen prove that the 
species possessed a tail of good proportions. 
A second specimen represented by portions of both mandibular rami 


is rather larger, but with rather smaller tubercular molar. 


Measurements. iF 
Length of the.dental ‘series yaa- seer ee eeeee ee ee eee eee eer eee nee eee 0. 0680 
Length of the four premolarse-sas.- eee eens ee eee acer re eee eee 0. 0340 
Length of ‘the first'molar=: 3. -asccssc. sees ose ee er eee eee Ene ee rere ee 0. 0105 
Tength of-the'second molars-ceess-emecee eee eee eee eee eee eee none 0. 0100 
Wiadthrof ithe:sameé......o.s.< sone eee ocean are Ree Eee Een eee EEE eee eee 0. 0055 
Hength of the third molarls.- 2 -eeee eee eee Borpcine Hobe oUSb A bESaueaes 0. 0080 
Wadthiof-the'same in front 222242. eee see eee eee ene - 0.0040 
Depthiof the ramus at the third premolar=--- =... se eeee eee es se eerie 0. 0130 
Depth of the same at the last molar....... ho ee oem, Seer eae see eee 0. 0150 


A third specimen of mandible presents the canine tooth in place. Its 
section is a vertical oval, and it displays an anterior as well as a posterior 
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worn surface. The posterior is produced by the superior canine, and the 
anterior by the exterior superior incisor. From the extent of the surface 
worn by the latter, I suppose it to be a large tooth. ‘There is no indication 


of inferior incisors. 
Creodus incerte sedis I. 


Plate xxxvii, figs. 23-31. 


A number of well-preserved portions of the skeleton of a Creodont of 
about the size of the Stypolophus multicuspis furnish some important struc- 
tural characters. The mandibular ramus of the left side is preserved as far 
as the sixth molar, but the teeth are all wanting. The alveolus of the 
canine is of very large size, excluding the usual space for incisors seen 
in Carnivora. First premolar one-rooted, the others two-rooted, aud all 
closely placed. The alveoli are large, indicating robust teeth Mental 
foramina below anterior part of second and posterior part of the third pre- 
molars. ‘The symphyseal suture extends to opposite the front of the third 
premolar. 

Two proximal caudal vertebree are stout, wide, and with depressed 
centra. They have stout diapophyses at the base of the neural arch, which 
is wide. Centra weakly keeled below. Distal caudals have the usual elon- 
gate form. 

The proximal part of a scapula is preserved. This shows an interesting 
peculiarity in the form of the coracoid. This process forms the usual pro- 
tuberance at the end of the glenoid cavity, and its anterior border is turned 
inward, culminating in another tuberosity on the inner side of the first 
named. This incurved border incloses a deep groove with the body of the 
scapula. The spine is elevated, and commences abruptly. 

The shaft of the humerus exhibits a strong deltoid ridge, which is not 
flattened on its edge, and descends gradually into the shaft. The distal 
end in_the specimen lacks the inner half. The arterial bridge is present, 
and the supracondylar fossa is perforate. The external part of the condyle 
is separated on the posterior side from the external epicondyle, by a keel, 
which is like that of Canis, and which falls opposite the middle of the anterior 
face of that part of the condyle. External ligamentous pit deeply impressed; 


external border of lower end of shaft of humerus acute. 
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The greater part of the i/iwm and adjacent portion of the tschiawm are pre- 
served. ‘The former is more completely represented than that of any other 
specimen obtained. It shows that the anterior exterior ridge of the ilium 
maintains its distinctness from the anterior interior ridge (from the pubis), 
and does not fall into the same plane with it at the iliac crest as in placental 
mammals generally, but forms a continuous ridge dividing the external face 
of the ilium into two planes. These planes are not’so equal as in the kan- 
garoo and the opossum, the anterior being the narrower. The external 
angular ridge is also quite obtuse, the whole form being intermediate in 
character between the Marsupials and Placentals. The anterior inferior 
(‘‘ spine” or) tuberosity is well developed, as in other Creodonta. The inci- 
sura acetabult is deeply excavated in the anterior base of the ischium. 

The /emur is an elongate and compressed bone. The great trochanter 
is large, and produced a little beyond the head, and separated from it by a 
deep emargination. The proximal end of the bone is flat, but the posterior 
border is recurved, inclosing a fossa. The head is rather small, and has the 
usual fossa ligamenti teris. The little trochanter is well marked, and con- 
tinues into a low linea aspera. The superior part of the outer border of the 
shaft is compressed, and, about as far below the little trochanter as the latter 
is below the head, supports a “third trochanter” in the form of a flattened 
tuberosity, with well-defined borders. The lower part of the shaft has an 
oval section, the long axis in the plane of the proximal end. 

The inferior extremities of both jibule are preserved. A section of the 
lower part of the shaft is subtriangular. The distal end is enlarged, and 
obliquely truncated by the astragalar face. It is a little more flattened than 
in Didelphys, but resembles that genus much more than any Carnivore. 
The peroneal groove is defined by a low, acute tuberosity on its outer side. 
The calcaneum, as I have observed in other species of the Creodonta, is 
large in proportion to the size of the other bones. It is rather flat, and the 
free portion is compressed so obliquely as to be almost depressed. The 
cuboid facet is characterized by being oblique in a transverse sense, while 
in a vertical plane. 
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Measurements. 
M. 
Length of the anterior five molars -.....-..-.-.-- 22-220 2+ 2028 eee eee 0. 048 
Length of the base of the fifth molar-...-..--..--.-------++.e.-e- sees .- 0.0608 
Length of the base of the second molar ....-...-....---.s+-+--2seeee eee EeeONOOS 
Depth of the ramus at the second molar ..-......----.6---- 2s ee eee e ee - 0.0135 
Depth of the same at the fifth molar. ........-....-.0. 222s) eee eee eee 0. 0153 
iVerticalidiameter of the.canine!..<< 0.022. fase css eee ease Sora BARA ad 0, 0085 
MPANSVETSCKUIAMELCINO DN OYSAMG fe .-  ots.2.5; 5 <la.e02 cis = ciegals c1aiea) oie oisiale (elein)nlajoie winini sie 0, 0055 
Length of the glenoid cavity of the scapula..........--.-.----..---+2-2--- 0. 0130 
TRG OP WNODAPIN con ae adekdnas Hoddeses Hoes aoe ae cee Eoin Ss oom abodes reer, 05008 
Long diameter of the shaft of the humerus at middle.....-......--+-----.-- 0. 012 
Long diameter of the neck of the ilium ........--.--.-.-.-- +2222 eee eeee 0.010 
SOM TATMELETAO LDH ONS AIG segs get folciaye cases crs ores Sra cctato ola abe aleve eroyels detclalerete ereya\e 0. 608 
Long diameter of the acetabulum ..:.-.-.....-.....-2-- ++ 2-20-25 +202 eee 0.015 
Long diameter of the base of the ischium...-...-.-..- RES eeyee ofa tal seeeiatotare satel 0. O1L 
Long diameter of the shaft of the femur........-..-- 2. .s20--- 002 ee ee eens 0. O1L 
Shoriainmecer opthesamer cea t semis te seem ee Sele co arieaiarereas Peace O00 TS 
Length of the femur to the end of the third trochanter.......-.-.---------- 0. O40 
Widthiot the proximal end ofthe femurs... ..). Scie ~ sci nincie = a calss e's 222 a 0. 026 
Long diameter of the distal end of the fibula .....-...-..---------+-+------ 0. 609 
Shortadiametermotarhovsamerreeaia= seers: en sens se ee sectiiaccc ce: 1ONOUS 
Greatestawidth ot the caleaneumbacnc sate «20 Sciiraccre eciteeeieciasecaee cts) ONONT 
NWwidthror thercuboigstacet ofthersame-- cya-/-.2 oy<c'= <= oo eke sinisinnicieis olcie «1.91 0. 608 
Dep Enotiphey sain Okey sere etorelol eer clersie erro So sole tia Sic wine ons Ww ole'c.selaleinisiniolaie ie 0. 008 
Length of a proximal caudal vertebra. .....-.--.-----...--- +e eee eee ee eee 0. 015 
Widthofthe: centrum of the same <...~ 2.05.53. ee ee oe in new nitin dele =e O10LS 
Depth of the centrum of the same...........-- Sess, BES se ROA CIO A Os ABBAS 0. 008 


Creodus incerte sedis II. 
Plate xxxvii, figs. 10-22. 

A number of pieces of the skeleton of a species supposed to bea Creo- 
dont were found in connection with a superior molar tooth of appropriate 
size, as well as with fragments of some smaller Mammals. It is uncertain 
whether the tooth belongs to the species represented by the bones; should 
it so belong, it refers the animal away from the three genera in which the 
superior molars are known, and leaves the question of its pertinence to 
Didymictis uncertain, as in that genus the superior molars are unknown. 
In the crown of the tooth in question, two external cusps are regularly 
trihedral and acute; within these is an extensive tubercle with crescentic 
base, whose horns terminate at the internal bases of the outer cusps; it has 


two apices, a small one at the base of an outer cusp, the other at one side 
9GR 
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of the convexity. Within this is a prominent ledge giving this portion of 
the crown a broadly rounded form. <A strong external cingulum. Length 
of crown, 0".0075; width of crown, 0™.0U9; elevation of crown, 0™.0040. 

A cervical vertebra displays the usual vertebral foramen and deflected 
parapophyses. The centrum is depressed, and has oblique articular extremi- 
ties, and is longer than wide. Its inferior face is prominent along the 
median line; the low rib dividing posteriorly into two sublateral longi- 
tudinal ridges, which form angles on the inferior border of the articular 
face. The centra of the dorsal vertebrae are considerably smaller than that 
of the cervical, and are strongly and regularly convex below. The anterior 
are relatively wider, equaling the cervical in transverse diameter, but being 
smaller in the longitudinal. The caudals are slender, finally having a 
quadrangular section, the angles representing the arches and diapophyses. 

All parts of the humerus are preserved. The proximal tuberosities are 
not protuberant above, but the greater is continued into a large deltoid 
crest. This crest is very prominent, and has a flat margin, which terminates 
rather abruptly near the middle of the shaft. From its terminus, its flat 
border widens upward, so as to include the entire width of the great 
tuberosity. The distal end of the humerus is much expanded in the plane 
of a line drawn between the middle of the lesser and the posterior border 
of the great tuberosity. Its inner epicondyle is greatly developed, so as to 
measure two-fifths the distal diameter. The arterial foramen is remarkably 
large, and the supra-condylar fossee shallow and not perforate. The con- 
dylar surface has a projecting border, which separates it from the inner 
condyle from front to rear, but is bounded at the outer extremity by such 
a rim on the posterior aspect only; the articular face extending to the 
external limit of the bone on the anterior face. 

The ulna is shallow, and with a convex inferior border in the antero- 
posterior direction. The inferior border is thickened, so as to produce a 
longitudinal concavity on each side of the shaft. This thickening becomes 
a wide transverse expansion of the inferior side of the olecranon, so that 
the width of this part equals its elevation. The superior margin of the 
olecranon is acute and incuryed; the extremity wide and truncate. The 
surface of attachment of the proximal end of the radius is flat. The distal 
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end of an unrecognized bone is preserved. It is much narrowed, the entire 
extremity being occupied by the distal tuberosity, which is moderately 
concave on the inner side. The external face is convex, and there are 
two internal faces, separated by a right angle. It may be the superior 
extremity of the ilium: if so, its form is unusually narrowed. 

The head of the radius is a transverse oval, presenting a shallow con- 
cavity to the humerus. The proximal end is slightly curved, with a strong, 
grooved biceps insertion on the convexity. The distal end is subtriangular, 
with the narrow base inward. The external border is acute; and just within 
it, on the superior face, is a subacute tuberosity. A low, short ridge, pro- 
duced backward from the latter, divides the upper side into two shallow 
grooves, the inner and much the wider being bounded by a tuberosity, 
which forms the supero-internal angle of the extremity. This is separated 
by a narrow groove from a median inner tuberosity, which is in turn sep- 
arated by a larger groove from an inferior, inner, prominent angle. The 
articular face is concave. 


Measurements. 
M. 
Length of the humerus to the end of the deltoid crest ......-.....---.--..- 0. 048 
Long diameter of the shaft at the end of the deltoid crest....--..-----.---- 0. 014 
Short diameter of the same at the end of the deltoid crest .........---..--- 0. 009 
Long diameter of the:-head of the humerus....-.~.-.-: .---es---03 +--+ ¢-5 0. 021 
Long diameter of the proximal condyle of the humerus .....--..----.----- 0. 017 
Long diameter of the shaft just below the deltoid crest ....--.-.-- [ees ae 0. 010 
Transverse extent of the distal extremity ~~... -:- 2502 -2..0. cesses ee sees ose 0. 028 
Transverse extent of the distal condyles... .-. -.----.--.-..s222.-+-:--.<--. 0:.0165 
Antero-posterior diameter of the condyles within..........-.---....---++-- 0. 0110 
Antero-posterior diameter of the same at the middle..... ... os ree eek - 0, 0060 
Depth of the ulna at the cotylus..... 22:2. .00--2 12 22. 20+ s esses ene ones 0, 0093 
Depth of the same at the olecranon ......-...---.+. ------+--+-+--+-- Seabee 0. 0110 
Width of the same at the olecranon below .-. 22. - <2. 22. 225-2050. ewe oe me = 0. 0115 
Wadth.of the same: below theicotylus 22.22 -ssc2c2- sees wotisins deci ciclecimcie 0. 0050 
Long diameter of the head of the radius...............----+-------24---e- 0. 0110 
Long diameter of the shaft of the radius .......-...-..... SaCCodURUasDUenoE 0. 0080 
Long diameter of the distal end of the radius .-.....-..-.-.---++-+-+-+-+--- 0. 0130 
Shortidiameter OfatheiSa Mac sete cece a ala earn cla al wren olatalaleta lel eriats.aia/s 0. 0100 
Length of the centrum of a cervical vertebra ..-.......-..-----.---------+ 0. 0180 
Wid thvoGatne SAMs cs separ 22 ose ernie eee eer tcacsec secs 0.0100 
Length of the centrum of a dorsal ver eben BAST dO Ogu. GOCUnO SE nnoG DUco meee 0. 0100 


Vat HUNe [Beth Dos5g BebooGE dpobobbecoecudeceo ade duc 4b es Pasa Re 0.01060 


132 CREODONTA. 


Mepthvofathe;Same:.<-— </-tor-}aestciei ciate: sioheslelebevele le wipe van ofettate etcietefee tt teeters 0. 0065 
ength of the’ same: (posterior) oe cia peter tele eyarad eer ete rateleonetelereestotel ie ttt 0. 0115 
Width of ‘the same. (posterion)) 2-2 - sae ee eee eee eee 0. 0110 
Depth of the same’ (posterior) 2. <= eon alse s cee leee ee eieiee aera 0. 0070 


The size of this species is about that of a domestic Cat. It is more 
robust than the species last described, and appears to have nearly the pro- 
portions of the Didymictis protenus. From this species it differs strongly in 
the form of the distal end of the radius. The remains described were all 
found together by myself. 

DIACODON, Cope. 


System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. W. of 100th M., 1875, p. 12. 


Four inferior molars, which are composed of two portions; the anterior 
much elevated, and supporting two opposite acute cusps; and a posterior, 
much depressed, bounded by some low tubercles posteriorly. Number 
of premolars unknown. Superior premolar compressed, without basal 
tubercles. 

This form is probably, but not certainly, a true Creodont. It differs 
from many genera of Insectivora in the number of complex molars, adding 
one to the usual number. It differs from most of them, also, in the absence 
of the anterior cusp of the molars, among others from Herpetotherium, Cope, 
of the Miocene, where the number of molars is the same. Of the numerous 
genera of Insectivora reported from the Eocene of Wyoming, but few have 
been described, and among the latter I find none without the anterior cusp. 


Diacodon alticuspis, Cope. 
Plate xlv, fig. 19. 
System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 12. 


Represented by a right mandibular ramus, which supports the last 
premolar and four ?true molars, with a superior premolar included in an 
attached portion of matrix. The hardness of the rock, with the softness of 
the osseous tissue, has determined me not to attempt to clean the specimen 
entirely. 

The two elevated cusps of the anterior part of the crown are of equal 
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height, and are separated by a pronounced notch. There is a narrow cin- 
gulum extending across their front. The heel supports two or three low 
cusps, of which the exterior sends an oblique ridge to the base of the inner 
of the anterior pair. No basal external or internal cingulum. Enamel 
smooth. The mandibular ramus is quite robust. 


Measurements. 
M. 
Mmensthiof phenfivies pOSsteriOr MOlLALS- 3. 6-5 ccc cece cos ccs Geswct ace secs se 0. 0125 
Mon=chrorscnerthrees bruenm OLALS ine <ai\2 0/a1= a0! 610'e w jo) sinieioi= staimicieal= safe eic/ers cn 080085 
Length of the penultimate molar ............- SEG SdbaGae mocdadeoepeoosue 0. 0025 
\W Oe WYN END Soogt os shun AdBaoo oes nos aueeE oiUo sobeoseBepodesoges 0. 0018 
Depth of the ramus at penultimate molar.....-.-.......--.... Mes ifeorcrcusistcte 0. 0045 


The jaw is nearly twice the size of that of the common Mole (Scalops 
aquaticus ). 
Diacodon celatus, Cope. 
Plate xlv, fig. 20. 
System. Cat. Vert. Eocene New Mexico, U. 8. Geog. Survs. W. of 100th M., 1875, p. 12 


The smallest Mammal of the Wasatch Eocene yet known is represented 
by aleft mandibular ramus, which | found exposed in the face of a precipice 
of sandstone, on a peak of the bad-lands. It supports the three last molars, 
which have nearly the character of those of the species last described. The 
last molar is smaller than the others in the present animal, but equal to them 
in the D. alticuspis. ‘The posterior part of the crown is deeply excavated, 
and supports on its outer angle a sharp cusp. The anterior cusps are twice 
as high. There is no external basal cingulum. The ramus is shallow, the 


inferior border rising to the masseteric fossa, which is deeply excavated. 


Measurements. 
M. 
Length of the ramus from the antepenultimate molar to the angle ......-... 0. 0100 
nen cthvotetheslaststhree iM Olars: eet cistersoicitoscicie re tolietefereisierYore sic oictayereioie careinier 0. 0048 
enethrotsthempentlbim ate Moly «crac occ) evelars ohetesiaraia) steteleisterlete iors icin stele icicle ai ele 0.0015 
MLeVatwOnLOts bh eisai en all bCLrior livyiers<, > ---late ls cieiels ateiete ce retetere tele ots aie <ieielsioaie 67 <'s 0.0013 
Depth of the ramus at the antepenultimate molar..............-.........--- 0.0018 


This species resembled some of our very small Sorices in dimensions. 
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In my report to Dr. Hayden on the paleontology of the Bridger 
Eocene of Wyoming,* I included six species, viz, Tomitherium rostratum, 
Pantolestes longicaudus, Sarcolemur furcatus, S. pygmaeus, Hyopsodus vicarius, 
and H. paulus, Leidy, which belong to this suborder. As many species of 
Mesodonta referred to various orders are described by Dr. Leidy in his 
quarto report in the same series. In my report to you on the Vertebrata 
of the Eocene of New Mexico obtained by the expedition of 1874, eleven 
species are included, none of which had been certainly obtained from 
the Bridger beds. ; 

A synopsis of the genera is given below, in which the characters are 
derived from the dentition of the lower jaw, the part usually preserved. 
While considerable variety is to be observed in the structure of the teeth, 
they furnish also close approximations, so that their discrimination requires 
careful scrutiny. On examination of Dr. Leidy’s type-specimens, it appears 
that the parts preserved (the last two inferior molars) of his genus Washakius 
do not differ from corresponding parts of Anaptomorphus of prior description. 
It also appears very probable that Microsus, Leidy, is identical with 
Microsyops, Leidy, and, according to rule, should take position as a synonym 
of the latter. The genus Anaptomorphus, Cope, although included in_ the 
synopsis, may not belong to the Mesodonta. 


I. Last true molar with cusps in opposing pairs. 
A. Anterior inner cusps, two or a double one, on some of the molars. 
* Three premolars. 
“ Last premolar without inner tubercle” (Leidy), like the other 
premolars Geese ue eee a Bb eho doa. 6de555 sseu bn ebaauEsaccde Omomys. 
Last premolar with inner tubercle like the molars......-.-.... Microsyops. 
** Four premolars; last molar heeled. 
Last premolar without inuer tubercle; premolars two-rooted . . Pantolestes. 
Last premolar with inner cusp; all the molars with basin- 


shaped: heel«behindsccc c.0 -e sienaineteiiteeeueininttbeteer erect Tomitherium. 
Last premolars with inner cusp; all the molars with elevated 
cusps behind; the anterior inner bifid ....-......-. 0... Sarcolemur. 


*Ann. Report U. 8. Geol. Survey Terrs. for 1872, 1873, pp. 546, 607. 


uy] 
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I. Last true molar with cusps in opposing pairs—Continued. 
AA. The anterior inner cusp undivided on all the molars. 
Last molar with heel; last premolar with inner cusp; four pre- 


MNOENT Gt ac ord ooosopucEGsoicacase Jseeouepodooscqocsureede Hyopsodus. 
Last molar without heel; last premolar large, sectorial, without 
inner cusp ..--.- J BUne DEE EAD SO OUEG DU oboe UDOOSD DOI ODDeEO Apheliscus. 
Three or two premolars, last without inner cusp....-.--- Anaptomorphus. 
II. Last molar with a longitudinal series of alternating cusps, including a heel. 
Anterior inner tubercle of molars 1-2, bifid. .............--- Notharctus. 
Anterior inner tubercle simple.........-.- Beaiet [sae saree Opisthotomus. 


TOMITHERIUM, Cope. 


Third Account of New Vertebrata from the Bridger Eocene of Wyoming, p. 2, Aug. 7, 
1872; Proceedings American Philosophical Society for 1872 (published Jan., 
1873); On the Primitive Types of Mammalia Educabilia, 1873, May 6, p. 2; 
Annual Report U. 8. Geol. Survey Terrs., 1872, p. 546 (1873). 

Dental formula of the inferior series: I. 2; C.1; Pm.'4; M. 3. The 
last molar has an expanded heel. The third premolar consists of a cone 
with posterior heel; the fourth premolar exhibits, besides its principal cone, 
an interior lateral one, and a large heel. The true molars support two 
anterior tubercles, of which the inner is represented by two distinct cusps 
in one or more of them, and the external is crescentoid in section. The 
posterior part of the crown is wide and concave, and is bordered at its 
posterior angles by an obsolete tubercle on the inner and an elevated angle 
on the outer side. In the 7. rostratum, the type of the genus, the middle 
incisors have transverse cutting-edges. 

This genus is allied to Adapis, Cuvier, of the French Eocene, but 
differs in the possession of but two incisors on each side; in Adapis, there 
are three, according to Filhol. From Notharctus and Opisthotomus, it differs 
in the structure of the last inferior molar, as exhibited in the analytical 
table. ; 

An account of the osteology of this genus, so far as indicated by my 
material, was given in the papers above referred to. It was shown that the 
hind limbs, especially the femur, are quite elongate, more so than the fore 
limbs, and that the proportions of both fore and hind limbs are slender. The 
head of the radius is subround, and its distal extremity a subequilateral 
triangle. The humerus is distally expanded, with large inner and outer 
epicondyles and an arterial foramen. The tuberosities of its head are 
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small. The ilium is rather narrow and flat, except at the acetabulum, where 
it supports a large anterior inferior spine. 

Associated with the teeth of the Z. jarrovii and T. tutum were found 
the bones of the skeletons of. two animals, corresponding in size to 
those represented by the teeth. They have the same nearly white color, 
which is unusual in fossils from this formation, and are in every respect 
similar to the portions of jaws supporting the teeth. I suspect that they 
belong to the same animals, and describe them under those heads 
respectively. The reason why I avoid positive assertion is the fact that 
I did not discover these pieces myself, but they were brought to me by 
one of my guides, who stated that he discovered them together. 

The characters displayed by these bones are closely similar to those 
exhibited by the Creodonta. The humerus of the TZ. rostratum from 
Wyoming is also of the same type, resembling, as I originally pointed out, 
that of the Carnivorous genus Nasua. The distal part of the humerus 
described under 7. jarrovii is of the same form. Most of the parts of the 
New Mexican specimens, however, are wanting from the Wyoming 
specimen, and consist chiefly of bones of the hind foot. They display the 
caleaneum broad and short in front, compressed and produced behind. 
The astragalus has the oblique inner side for the malleolus, and the less 
oblique flat surface for the tibia. The cuboid is longer than wide, with one 
extremity convex, and the navicular is very short. The metatarsals are 
moderately elongate only, and the phalanges not slender, resembling those 
of the Carnivora. The only diversity I observe between corresponding 
parts of T. jarrovii and T. rostratum is that in the femur of the former the 
third trochanter occupies its usual position, while in the latter, it is opposite 
the little trochanter. As the bones described under J. jarrovii are less 
certainly parts of that animal than are those known to be parts of 7. tutum 
which are described under it, I defer using this character to substantiate 
the genus Pelycodus, which I originally proposed for the reception of these 
species. 

I originally described this genus as Lemurine, with added characters 
of the plantigrade Carnivora. The position is confirmed by my discovery 
of their resemblance to the Creodonta, the Eocene representatives of the 
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Carnivora. Of the species from the New Mexican Eocene, now included 
in it, only the dentition is known, and that incompletely. The 7. jarrovii 
differs in several respects from the TZ. rostratum. Thus, in the latter, the 
first true molar is the only one in which the anterior inner tubercle is 
represented by two separated cusps; in J. jarrovii, this peculiarity charac- 
terizes all the true molars. In TZ. rostratum, the second premolar is one- 
rooted; in ZT. jarrovii, two-rooted. In the T. frugivorum, the true molars are 
similar to those of J. jarrovii. It is possible that these species will be found 
to be worthy of separation from Tomitherium as a distinct genus, as I have 
already proposed, and require the use of the name of Pelycodus (Systematic 
Catalogue of the Vertebrata of the Eocene of New Mexico, 1875, p. 13). The 
teeth of the species described as P. angulatus resemble those of Microsyops, 
but the dental series is not sufficiently complete to warrant its final generie 


reference. 
Tomitherium jarrovii, Cope. 


Plate xxxix, figs. 17-18; Plate xl, figs. 1-15. 


Prototomus jarrovii, Cope, Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 
100th M., 1874, p. 14; Id. Ann. Report, U. S. Geog. Survs. W. of 100th M., 
1874, p. 126. : 

Pelycodus jarrovii, Cope, System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of 100th M., 1875, 13. 


This species is represented in the collections of the Survey by a 
fractured right mandibular ramus, each fragment supporting a molar tooth, 
accompanied by bones of a skeleton which probably belong to it; also by 
part of the right mandibular ramus of another individual, with the last 
two molars; probably also by a mandibular fragment of a third, with a 
premolar tooth in position. 

The second specimen displays the last molar. The base of its crown 
is an elongate oval, narrower behind. It supports two low cusps in front, 
a lobe on the middle of its outer border, and a lobe-like heel. The inner 
border is low, and continuous to the anterior cusp. The latter has a small 
tubercle on its anterior border, which is continued into the border of the 
crown without interruption to the anterior outer cusp. The center of the 
crown is concave and basin-shaped; an external cingulum at the front of the 
crown only. 


In the second specimen, the ramus is thick and moderately deep, with 
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thick inferior border, regularly convex from side to side. Masseteric ridge 
prominent. 

The last molar is wanting in the next specimen, only the first and 
second true molars remaining. In the first, the two anterior interior cusps 
are low and well separated. The anterior exterior cusp is larger, and is 
approximated to them in position. It is connected with the anterior 
interior cusp by a curved ridge, which forms the anterior border of the 
crown, and with the posterior of the two, by a yoke directed slightly 
backward, whose superior margin is emarginate between the cusps. The 
posterior part of the crown is wider than the anterior, and consists of a 
basin-shaped concavity surrounded by an acute, raised margin, which rises 
into a large subtrihedral cusp at the posterior exterior border, and a smaller 
angular elevation at the posterior interior position. The ridge bounding 
this basin reaches the posterior of the two anterior interior cusps; its external 
line curving inward to the base of the cusp. The same description applies to 
the second true molar, excepting that the two anterior interior cusps are 
closely approximated, and that the cusps of the external side are less 
elevated. It is also slightly larger than the second. The enamel of both 
teeth is of glassy smoothness, and the base of the crown is marked on the 
external side only by a continuous cingulum. 


Measurements. u 

Depth of the mandibular ramus of No. 1 at the anterior part of the last molar 

1701014 | Sen ATIC aA Red ton aricn Cane GaGocor soSdan suecon Ssseacdmeomsace -- O0L5 
Thickness of the same at the anterior part of the last molar tooth.........- 0.008 
hengthyof ithe lastimolar-tooth: a2iomct > cioc hectares ieicin tales ee ee 0. G07 
Width: of- the same:inufrontie. 2 as. e eee eee 0. 0045 
Width of the second molar behingse2.sases setae eee nee eee eee 0. 0050 
Width of the second molarofeNo: 2 behind’ eens eece e-mail eee — 0.0055 
Width:of theisame in front. << oj 7cjerernere eersnssle peel eleroies seternreter-teoheteloee reise 0. 0045 
Length of the same sic ~..<..1<peemrete tr etenicie ees alaiSisiels ors ieioaverevetsis @ svere cr stonsteete 0, 0065 
tengthiof the first molarjof Nos2ke. sacece soe meeie ieee eae eee eer 0. 0063 
Width  offthesame‘in: front: sja2.ceee -emsee ieee ne one eee eee en eee 0. 0040 
Widthjof.thesame. behind | .....n5.ccresseeie eee eee mee eee eee riaae --- 0.0054 
Elevation of the crown of the same at anterior interior cusps...........----- 0. 040 


Among the bones which accompanied this specimen were a few teeth 
of Hyracotherium. I cannot trace any of the bones to this genus, however, 
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unless it be the fragment of the shaft of the femur. Yet this agrees in 
proportions with the associated pieces. The large individual is represented 
by many fragments, including portions of vertebrae and fore and hind limbs. 
The shaft of the femur has an acute external margin, which culminates 
in a tuberosity or third trochanter. Two patellse are elongate ovals, convex 
in cross-section below. The inferior extremity of the fibula is especially 
stout in both diameters. The inner face is divided between a large vertical 
astragalar facet and a large posterior ligamentous fossa. The posterior face 
is marked by a prominent tuberosity, which bounds the peroneal groove 
exteriorly. The external face is convex and smooth. 

The calcaneum is similar to that of the last specimen, but one-half 
larger in all linear measurements. The astragalus is even more oblique on 
its inner face. The superior face is produced backward to a narrow point, 
bounding the inner face above, and is itself bounded externally by a groove 
directed forward and outward, which ceases at the superior plane. The 
~ neck is elongate and depressed. In the structure of this tarsus, we observe 
some of the most interesting characters of the Creodonta. On account of the 
inequality in the length of the astragalus and calcaneum, the proximal ends 
of the navicular and cuboid are not continuous as in the Carnivora. Hence, 
also, the cuboid possesses an oblique proximal inner facet for the astraga- 
lus, which is in line with the proximal face of the navicular without irreg- 
ularity. From this it follows that the head of the astragalus articulates 
with both navicular and cuboid by a continuous convex facet, and not, as 
in Mesonyx and Perissodactyla, by distinct facets. The cuboid is longer 
than wide, slightly convex proximally, concave distally, and concave on its 
exposed sides. There is no external tuberosity, but a moderate posterior 
one. The superior facet for the external face of the ectocuneiform marks 
about the middle of the internal face of the cuboid. A bone resembling 
the navicular of the Carnivora is rather small and shallow, and has a moderate 
exterior anterior tuberosity. The outline of the superior face is subrhomboid, 
the longest side being the external, where it is squarely truncate for contact 
with another bone. Where this side joins the posterior is a posterior 
tuberosity. Although this bone resembles the navicular of the Carnivora, 
I am not sure that it is that bone; it differs considerably from that described 
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under Oxyena lupina. The ectocuneiform is plane above, and concave 
antero-posteriorly below. It has the usual flat quadrate form, and the inner 
side is concave.’ Its axis diverges upward from the long axis of the cuboid. 
The mesocuneiform was not found, but the entocuneiform has the form 
already ascribed to that of the Stypolophus hians. Its inner face displays 
facets for the navicular and mesocuneiform, and the superior extremity is 
narrowed by an oblique truncation from behind. The distal facet is slightly 
concave in the long (7. é., antero-posterior) direction, and is truncate with an 
obliquity outward in the transverse direction. It does not display the 
convex articular face for the metatarsus of the hallux seen in the Quadru- 
mana, so that, although the great toe may have diverged somewhat from the 
others, it was not probably prehensile. 

The anterior limb of the same animal is represented by a few fragments. 
The olecranon is shallow, and wide and flat below, but not so much so as 
in the skeleton No. 2. A strong crest rises from its extremity to the middle 
of the inner side, ceasing below the posterior coronoid process. The head 
of the radius is a wide transverse oval; the neck is but little curved, and the 
biceps insertion is strongly marked. The distal end of the radius is like 
that of No. 2, subtriangular in outline, with a small acuminate tuberosity 
at the external angle. The external portion of the distal condyles of the 
humerus is a portion of a cylinder. 


Measurements of No. 4. 


n M. 
Depth of he olecran once ce emi oie clejomieieiae scissor ein = eee eee 0.012 
Length: Of the same: a: G2 mre evar ione sietoie a etolereteyerste vie (ou fore! sePrevate seeateisye spoposg UAWAY 
Transverse diameter of the head of the radius ...-..--......--.s0cccessc- 0.0135 
Vertical:diameter of the:same\.tet.: «este asec eee neel cisieeiaeniee cele ereier 0. 0085 
Vertical diameter of the distal end of the Samé.....-.-............-.-...-- 0.0135 
Transverse diameter of the same. -..... .....-..0c- oes He rayne State cielero iene ere 0. 0085 
Diameter of the head of the femur.......... sihopsjate lectnicla eealorie oiswete eee tele 0. 0155 
Length: of the calcaneum ...2c% Saas <tem occ « sacle ican Eo cle eee onion ick 0. 035 
Width of the caleaneum at the astragalar facets...........-.--...-+0- See OOS 
Depth of the cuboid facet of the caleaneum .......--... cceces cece ee cece 0. GOSS 
Depth of the astragains externally~ ...- 2.2.2.2 a2« sa0ess ose eee Seadoo 0. 0085 
Depth of the. distal facet of the astragalus...--..-----s-ses0- == loses 2 0. 0065 
Width of the same..... SE TSG tO D5 0D O00GO So G00 HG SOR dosd 0. 0115 
Widthiof the'trochlea’ of the astragalus:<,. .. -<icrr. selceitceieeciane eerie errs 0. 0100 


Length of the cuboid............ Soa yetels icleta eisinieisitieneteeteteieiote obogocsaooobouss 0, 0135 
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Transverse proximal diameter of the cuboid ...........0..2. 0220 eee steven 0. 012 


Transverse distal diameter of the:cuboid: ccs ececs. - cs «one sone tle owe ceil ale 0. 008 
Antero-posterior distal diameter of the cuboid.............-...-.---------- 0, 009 
Mengthior the navicularanteriorliyy swiss. vies «ese ele cise css sis ~ Saece) 00055 
Mransverse diameter of the navicular. sa<s <i: - so cs esis - cis sis.c ses slate ele ce ele 0. 0110 
Antero-posterior diameter of the same............ Sata ofarniwrotelalela chore stas;arors othe 0. 009 
Menotihwoimiherec tocun eMonmepsctarerave- © seerciaiert oisereisisteie(e oes yas ieelersic selec c= 0. 0075 
Mransversediameter Of theSame aa o.50 ccs tecclve cogs d deci ctececeteee sce 0. 005 
Anteroposterior diameter/of the same... osc cco oc cclee ccc cele clecccasessce 0. 009 
engthrotatherentocunelformee sss.) = ~1c 10s cVerst-facte sloleelejersiel crelsisiaisvowi wieierauni 0, 0125 
Mnansverse distal diameteriof the same-....-...c%22+cesescvic sce cee eee 0. 004 
Antero-posterior distal diameter of the same..--..-..-.......-. 2.2.25 eee 0. 008 


This species was about the size of the Raccoon, and its jaws indicate 
a greater degree of robustness. It is dedicated to my friend Henry C. 
Yarrow, M. D., to whom was committed the charge of that party of the 
Survey to which I was attached, and to whose zeal in the cause of the natural 
sciences the success of the special expedition is largely due. 


Tomitherium tutum, Cope. 
Plate xxxix, fig. 19; Plate xl, figs. 16-25. 

Represented by a fragmentary ramus of the mandible, which supports 
the last two premolars and the first true molar, with the alveoli of the canine, 
and first and second premolars. Accompanying it is a number of skeletal 
fragments entirely appropriate in size to this jaw. All were found with the 
pieces belonging to the 7. jarrovii. I originally referred all the teeth to a 
single individual, as they belong to the right side, and nearly resemble 
each other. Having the last molar of P. jarrovii in the ramus of another 
individual, I was compelled, in order to accommodate the molars in one 
jaw, to regard the teeth. now described as canine and first premolar as 
incisor and canine. ‘This determination I now regard as impossible, since 
the positions of those teeth in relation to the symphysis require them to be 
identified as canine and first premolar. ‘Their relative sizes accord with this 
arrangement, and the first premolar retains its normal one-rooted character. 
As a consequence of this determination, the last tooth in the ramus becomes 
the first true molar, and, as such, presents such a different form and size 
from the corresponding tooth of the other specimen, as to require that I 
should regard it as a distinct species. This appropriately corresponds with 
the bones which accompany the teeth, since they also belong to two 
individuals, a larger and a smaller. The smaller is certainly precisely 
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adapted in size to the 7. tutum, and I have no hesitation in describing them 
together. 

In the mandibular ramus in question, the canine alveolus is small and 
has a nearly vertical direction. That of the first premolar is smaller and 
vertical. The second has left two roots. The third is compressed, but stout, 
and has a broad but very short heel behind. It has no cingulum, and the 
anterior border of the crown rises nearly vertically from its base. The 
fourth premolar has three cusps and a wide heel. The principal cusp is 
external; at the inner side of its anterior base is a small one, and a little 
behind its middle on the inner side is one of intermediate size, the two 
apices separated by a notch. 'The heel is without tubercles, but has a short, 
low, submedian ridge. There is a faint cingulum on the external side of the 
heel. The first premolar has three anterior cusps standing close together, 
and a wide posterior crown. ‘The three anterior cusps are connected by 
yokes, of which the anterior is convex. The posterior part of the crown is 
concave, and is not surrounded entirely by an elevated ridge. It is bounded 
on the external side by a V-shaped ridge, whose limbs extend, the one to 
the posterior of the two interior anterior cusps, the other to the middle of 
the crown behind, the angle rising into a low cusp. On the inner side, a 
low ridge extends from the inner cusp mentioned, and terminates in a low 
cusp at the posterior third of the inner side. There is a continuous cingu- 
lum on the external base of the crown, and the enamel is smooth. 

As compared with the T. jarrovii, this species is distinct in the form of 
the first true molar tooth. In that species, the posterior basin is completely 
surrounded by a raised border, as in the succeeding molars; in this one, it 
resembles a premolar in having the posterior cusps unconnected with each 
other. It is also materially smaller than in TZ. jarrovii. 


Measurements. * 
Length of the bases of the molars from the first to the fifth inclusive ........ 0. 0205 
Length) of the last. premolar... 2... -2.'s\te oe ee eteisertets ares letetctetelslorefaterats 0. 0055 
Width behind ........ PEE PPP eee aris ies Sd an OaIGO GAS OSEe etetereaute 0. 0040 
Mlevationlanteriorly,.< <..--,c,-.clete eelene tee eee ia weiate abrclstasete sieiducrs tere isis ystcie S 0. 0045 
Length of the crown of the first true molar............ aiete bia otros steele cversieveroyn OS OODO 
Width of the same anteriorly ........ aie pototere eters bdode Gacdieedhos Gassdac0ed ~ 0.00385 
Width of the:same posteriorly 2... 02522 c2 sence eee Seavelere mototater etertonoets 0. 0045 
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This smaller species is represented by bones of the feet, chiefly posterior. 
The inferior extremity of the tibia has the usual form, and fits exactly the 
trochlear superior face of the astragalus. The inner face of the inner mal- 
leolus forms an open angle with the subtransverse face posteriorly, and 
nearly a right angle anteriorly. This form represents the relation between 
the superior and interior faces of the astragalus from behind forward. Me- 
dially, the two faces are but little defined, while at the neck they are distin- 
guished by a short angulation. This angulation is at the middle of the 
neck; inside of it, the surface is depressed to receive the inferior extremity 
of the internal malleolus. The superior trochlear face is oblique and at the 
middle plane, and it is separated by a sharp angle from the nearly vertical 
external or fibular face. The neck is elongate and the head is incurved. 
The navicular face is transverse and convex in both directions. This astraga- 
lus resembles somewhat that of the Didymictis protenus. The caleaneum, like 
that of the Creodonta, is shorter in proportion to its width than in true Car- 
nivora, the shortening being in front, and the expansion in the lateral astrag- 
alar facets. Thus, the anterior extremities of the astragalus and caleaneum 
do not terminate in the same vertical plane as in Ursus, Canis, and Felis, and 
many other Mammalia, but the neck and head of the former project far 
beyond the cuboid facet of the latter. As a consequence, the cuboid bone 
is relatively longer, and the navicular shorter, than in the other forms men- 
tioned. The cuboid facet is in a vertical plane, and is oblique to the long 
axis of the bone. The posterior portion is of moderate length, and com- 
pressed in an oblique plane. Distal end, a wide irregular oval. Only one 
entire metacarpal bone is preserved, with the extremities of several others. 
The former is not long in proportion to its distal diameter. The head pre- 
sents a fore-and-aft convex surface, which is slightly concave transversely. 
Two others are convex fore and aft, and plane and convex in transverse 
section. The distal end of the entire metacarpal is depressed, with an inferior 
keel, and strong lateral ligamentous fossee. The phalanges are depressed, 
with subinferior distal articular face, which has a shallow trochlear emar- 
gination. An ungual phalange is compressed, with a dorsal keel, and is 
moderately curved. There is a strong basal ligamentous insertion, with a 
deeply-placed nutritive foramen on each side. Apex lost. 
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Measurements. 


M. 
Length of the caleaneumy-s-. cence aceereee ener cere ee nieee eee nee eee 0. 025 
Width of the caleaneum at astragalar facet....--...-.--- 2.0. sees ene eee 0. 015 
Length’ ofthe astragalus <..... scien sone eee Cee Cen e ee eee 0. 0165 
Length of the head and neck of the same .....-..... sotetareiobeievorel cist cistomeahae etal 0. 007 
Width of the superior trochlear face of the same..........-.....---«-.-.- - 0.007 
Lengthvof, aametacarpalibone--ca5 eee e een eter ete eens 0. 031 
Prozimaliwidthof thesam ea-2-cee nee ee eee ee eee ee oe eter tee ae nee 0, 0045 
Distal widthyol thesamey ree aceen scene cee eee eee ee eee ee ote 0. 0075 
Proximal. depth ofstheiancuis! eeeaeeaee eee eeeeeeee sitohoratstalalu dave,s meeiaters 0. 0065 
‘Proximal, width\ ofthe same; -=-ceten ee aceeee aes ge Scalers oyEe cia See el co erarsi 0. 0050 


Tomitherium frugivorum, Cope. 
Plate xxxix, fig. 16. 
Pelycodus frugivorus, Cope, System. Cat. Ext. Vertebrata New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 14. ; 


This species is known from a portion of the mandibular ramus, which 
supports the last two molars. The size of the animal is about half that of 
the Pelycodus jarrovit. The last molar is oval and narrowed behind. The 
lateral margins are raised, inclosing a concavity. The border is thickened 
behind at the heel, and supports an inner anterior tubercle, which has a 
lesser one at its anterior base. There are two obtuse external tubercles. 
The penultiniate molar is robust, and presents two inner and one outer ante- 
rior tubercles, the former connected with the latter by ridges. A stout 
posterior outer tubercle sends an oblique ridge to the anterior inner, while 
the tubercle at the posterior inner angle is insignificant. Enamel smooth, 
the external bases of the last two molars furnished with a cingulum. 


Measurements. 
M. 
Length of, the,penultimate;molanz.->- sess ee nee eee ee 0. 0045 
Width ‘of’ the same. ve. 2 eric caeecn coe een come ee Enea ee eee 0. 0040 
Length‘ofithe lastilowenmolars-. .:-sensse seer eee eee eee eeee 0. 0060 
Width. ofsthe:same.2.. 2a nce aioe aes ee cc ee eoee 0. 0035 
Depth of the ramus at the penultimate molar ...............-.0.-00 0000 72 020090 
Width of the ramus at the same point...:.:... 2. sec sense sees see eee ee 0. 0040 


Tomitherium angulatum, Cope. 
Plate xxxix, fig. 15. 
Pelycodus angulatus, Cope, System. Cat. Extinct Vert. New Mexico, U. S. Geog. Survs. 
W. of 100th M., 1875, p. 14. 


This species was probably less than one-fourth the size of the last 
described, and is represented in our collections by but few specimens. 
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One of these is a portion of the mandibular ramus with a single perfect 
molar; another individual is known from an isolated molar. The former 
displays the characters of the larger species, viz, a crown narrowed in 
front, where it supports three approximated cusps, and widened behind, 
where an elevated border,embraces a basin-shaped concavity. In this 
species, the anterior cusps are well defined and subequal in size, and the 
posterior angles of the posterior concavity each support a cusp. The outer 
posterior cusp is connected by a strong oblique ridge with the posterior 
of the two anterior inner cusps. A well-marked cingulum surrounds the 
external basis of the crown, and extends round its front nearly to the 


anterior inner cusp, Enamel smooth. 


Measurements. 


M. 
eno there thexcrowniOrbheymolanen, sete mos erec =e ne derciceicers =e cers Slee: 0. 0034 
Visa or Tie Gail ssee coase Gaede eapeeesoberener nes coe SST LST AES ats 0. 0027 
Wen thvotthemamusratitheysam Orn. -i<.n2 elim - ceiver ci © cin, s cas coteret ete fees eee 0. 0065 
PI CkMNeSsSOleC Nessa OG) seertuers 2 =.2c2 ctw oi cis «siete sie has syaieleue ie ware visto eres aie ote 0. 6030 


As already observed, this species may be referrible to Microsyops. 
PANTOLESTES, Cope. 
Proceed. Amer. Philos. Soc., 1872, p. 467 (separata August 30). 


The type of this genus resembles, in structural characters of the 
dentition of the lower jaw, the Hyopsodus and Sarcolemur, already known in 
the collections of the different explorations of the Rocky Mountain lake- 
basins. While it possesses the normal number of molar teeth belonging to 
these, it preserves a sectorial character of the premolars more posteriorly 
then in any of the allied genera. ‘The typical specimen of the P. chacensis 
presents four premolar and three molar teeth; the fourth premolar alone 
remaining with the three true molars. The premolars are all two-rooted, 
except perhaps the first. The fourth is a simple, flattened, triangular cusp, 
with a small tubercle at the base behind, wanting the inner cusp of other 
genera. The molars exhibit the usual four cusps, the external crescentoid, 
the inner discoid in section, excepting the inner anterior, which is double, 
an anterior twin cusp of smaller size being closely united with it. The last 


molar has a distinet fitch tubercle, or heel. 
10GR a 
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Pantolestes chacensis, Cope. 
Plate xlvy, fig. 17. 
System. Cat. Vert. Eocene New Mexico, U. 8. Geog. Survs. W. of 100th M., 1875, p. 15. 


The mandibular ramus of this species is very slender in both vertical 
and transverse diameters. There is a minute tubercle on the anterior base 
of the fourth premolar. There is a very minute median tubercle on the 
posterior border of the first and second true molars, and no anterior ledge. 
The heel of the last molar is short, and the other tubercles protuberant. 
The enamel is smooth, and there is no basal cingulum on either side of the 


teeth preserved. 
Measurements. 


M. 
Lenrth’of. the basesiof seven)imolarss 2-22) -on ere ciate eee ree eee sees (h(i 
Lneth of the bases’ot three trueimolars’.e.sccc aes caeieea ee cieneee ene 0.018 
Length of the base of the last premolar .................-.-.--- ghkGasdase 0. 005 
WidthiotAther same vo ster. cto ticles ice rcisicrclete eiotetereleiateters ete rere lefaete ee octae eyerer 0. 0025 
Length of the penultimate molar................-----.-- fe hia ease Toys = eerarere 0. 0055 
Widthof theiSAMme si gives ceils laalele cistern etdteretero cel asinine siietere creer stoaetere eaters 0. 0040 
henethrofithe: lastimolariye.cccvteneieeemte erate nice ceciaeen aietenes eeperete 0. 0070 
Width ofethe@: sa MG fore crores Aeaeteye oo crepe ates ee Taoist ons AAococoneace UetuNeny 
Depth of the ramus at the fourth premolar.-.--. 05.50 ..-. csr cccee sae. 0. 0080 


This species is considerably larger than the type of the genus, P. longi- 
caudus, Cope. (See Ann. Rep. U. 8. Geol. Surv. Terrs., 1872, p. 549.) 
APHELISCUS, Cope. 
System. Cat. Vert. Eocene New Mexico, U. 8S. Geog. Survs. W. of 100th M., 1875, 
pp. 13-16. 

The present genus is nearly allied to Pa,tolestes, but differs in the 
absence of the heel of the last inferior molar and the simplicity of the 
immer anterior tubercle of all the molars. The characters of the inferior 
molars are as follows: Premolars, four; molars, three; the latter subequal 
in size. Premolars compressed, the fourth with a heel, but no internal 
tubercle. Last two molars with four subequal angular cusps, connected 
round a central concavity by their adjacent angles. Symphysis mandibuli 
persistent. 

The affinities of this genus cannot now be ascertained, but the molar 


teeth are so much like those of the Lemurine genus Anaptomorphus, Cope, 
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from the Kocene of Wyoming, as to suggest relationship. The premolars 


L=) 
are totally different. 
Apheliscus insidiosus, Cope. 


Apheliscus insidiosus, Cope, System. Cat. Vert. New Mexico, U. 8S. Geog. Survs. W. of 
100th M., 1875, p. 17. 

Prototomus insidiosus, Cope, Report on the Vertebrata of New Mexico, U.S. Geog 
Sarvs. W. of 100th M., 1874, p. 14; Id. Ann. Report U. 8. Geog. Survs. W. 
of 100th M., 1874, p. 126. 


Represented in the collections of the Survey by parts of the maxillary 
bone and both mandibular rami with teeth. The species is much smaller 
than the preceding, and differs materially in the forms of the teeth. The 
two anterior tubercles of the tubercular molars are similar and approxi- 
mated; the posterior are slightly divergent, and on the last tooth inclose a 
third of small size. The last premolar has a broad heel and stout antero- 
median cone, but no anterior tubercle. The tooth immediately preceding 
is much smaller, and also possesses a heel. The mandibular ramus is par- 


ticularly slender, and the angle is not inflected. 


Measurements. 


M. 
enehhrottbelasti two inferior MOlALS 2). ae tet cope o 0 cccye viele ae eins) oes sie 0. C060 
eno mon enastam Ol areas seek ce ele aye spn aiseaie re s)clete arenes Soke Se 0. 0054 
MAGNO fap Cuastinterior mol ania erouy cl toiaieesiee aie) -f5- 9 c.re coreg orci patna pace 0. 0020 
Wepimuoh cheramus atlastinierior MOL 26.25 cee + cece ee clene- aoe deere 0. COALS 
Meno PULOmeNeNasuipremolar erence -scorine coke eas = aes tae ect ~-22 °0.°0030 
IIE VEOH ITE I scone. oGsnrc GUSCC OSCAR BC c OOo ea tane ne teen - 0.0028 


SARCOLEMUR, Cope. 


Sarcolemur, Cope, Proc. Acad. Nat. Sei. Phila., 1875, p. 256. 
Antiacodon, ‘* Marsh,” Cope, System. Cat. Vert. New Mexico, U. S. Geog. Survs. W. 
of 100th M., 1875, p. 17; Ann. Rept. U.S. Geol. Sury. Terrs., 1872, p. 608. 


Inferior molars 4-3, the last with a heel. Anterior inner cusp of the 
true molars bifid or double; the external cusps subcrescentic in section ; 
all the cusps subequally developed. Last premolar with an inner, and 
sometimes anterior cusp. 

This genus is nearly related to Hyopsodus in the dentition described, 
differing in the double inner anterior cusp of the inferior true molars. The 
type, S. furcatus, Cope (Amn. Rept. U. 8. Geol. Surv. Terrs., 1872, p. 609), 
possesses an almost sectorial character of the last premolar. This tooth 


has, besides a median compressed cusp, a stout anterior one. 
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In attempting the identification of this genus with one of those named 
by Professor Marsh, it appears that I have been in error. The absence of 
sufficient diagnosis in the single description yet published by this author 
explains my want of success. In several other instances, I have used the 
generic names of the ‘‘ Preliminary Description of New Tertiary Mammals, 
by Prof. O. C. Marsh”, bearing date August and September, 1872, hoping 
to be able to give them currency by supplying definitions. My want of 
success in these instancé8 also, has more than ever convinced me of the 
importance of preserving the rule requiring definitions for genera as the 
only basis of authority for their names; and it is evident that to suspend 
this rule of nomenclature is impracticable, even were it desirable. I have 
therefore made a final examination of the names and descriptions of the 
above-mentioned paper, with the view of ascertaining which of them are 
introduced in such a way as to constitute additions to nomenclature. I find 
that of thirty-seven generic names proposed in that and a previous essay 
(On New Fossil Mammals and Birds from the Tertiary Formation, July and 
August, 1871), twenty-two are not accompanied by a mention of their 
generic characters ; while of the remaining fifteen there are only two cases 
in which the nomenclator states what he regards as their distinctive features. 
These are Orotherium, which is adopted in the present work, and Telmato- 
lestes, the character of which, as given, is of very doubtful value. To the 
list of undefined names must be added Tinoceras and Lemuravus, of later 
date. 

I may add that a few of the names early proposed by me, are open to 
the same criticism; but their publication was followed, at the earliest prac- 
ticable moment, by the issue of elaborate descriptions, in which the generic 
and specific characters are fully detailed. This has not yet (March 1,.1877 
been done in the case of any of the names of the two papers above com- 
mented on. : 

Two species are provisionally referred to the genus Sarcolemur on 
account of their resemblance to the known species S. pygmeus, Cope, and S. 
Jurcatus, Cope, but not definitely, because the premolar teeth are unknown 


in both cases. One of them is similar in size to the species mentioned, while 
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the other is much larger than any of the allies, approaching the larger spe- 


cies of Hyracotherium. 
Sarcolemur mentalis, Cope. 
Plate xlv, fig. 15. 


Antiacodon mentalis, Cope, System. Cat. Vert. New Mexico, U.S. Geog. Survs. W. of 
100th M., 1875, p. 17. 


Established on a portion of a ramus mandibuli, on which the first and 
second true molars only remain. The fangs of the last premolar are stout, 
and evidently supported a robust crown. ‘The cusps of the true molars are 
as usual, crescentic in section on the outer side, the posterior inner conic, 
while the double anterior inner is rounded on the internal face, and not 
flattened, as in many species. The second true molar has a distinct poste- 
rior median tubercle. There are no basal cingula except a trace between 
the external cusps. This species resembles the A. furcatus, but differs 
materially from it, as from A. pygmaeus, in the deeper and more robust 
mandibular bone. 


Measurements. 
S. mentalis. S. pygmaeus, 
M. M. 
Meng throLibhe irstetruemtolane ccrisrn care oes si) so stasis soto 0 0.0044 0. 0043 
iWadthyvofthe) first: true;molar behind ss2...- 2-0. seen ss enn ~ 0.0033 0. 0081 
Depth of the ramus at front of the third molar ...-.........--.. 0.0085 0. 0075 
Depth of the ramus at front of the last premolar.............-.- 0.0078 0. 0055 


Sarcolemur crassus, Cope. 
Plate xlv, fig. 16. 
Antiacodon crassus, Cope, System. Cat. Vert. New Mexico, U. 8. Geog. Survs. W. of 
100th M., 1875, p. 57. 

Represented by a portion of the right mandibular ramus, which sup- 
ports the first and second true molars. It is-a peculiar species, known 
among its allies by the obtuseness of the cusps and ridges of the crown. 
The double cusp is thick, and the component apices little separated; the 
anterior only is connected with the external anterior tubercle. The poste- 
rior part of the crown is wider than the anterior, and is quite concave. The 
outer border supports a stout tubercle; the inner, a very small one behind, 
and there is a small ledge representing the posterior median. The oblique 
ridge from the posterior external cusp is low, and the anterior cusps rise 
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abruptly. ‘The enamel is smooth, and the cingulum is represented by a trace 
between the bases of the external tubercles. 


Measurements. 


M. 
Length of theisecond trueimolatinc scepter eee tere aoe 0. 0080 
Width of-the|same: posteriorly: --- on. ence eerie eects So chro ee Os 00K 
Elevation at same point = cma se eee oe eer Se to teinio ete gee sez = 050040 
Transverse diameter’ of the TamMus eco eee eee eke eee tole eels .--- 0.0080 


HYOPSODUS, Leidy. 
Leidy, Report Geol. Surv. Terrs., i, p. 75. 

In this genus, the cusps of the true molars are all elevated and simple, 
and the last premolar presents an internal cusp. According to Leidy, there 
are three incisors, which are in immediate contact with the canine, as the 
latter is with the premolars. Hyopsodus has been regarded by Leidy as a 
“ Pachyderm”, as was done by Cuvier in the case of the allied form Adapis. 
As observed by Leidy, the American genus nearly resembles the European 
(under the synonym Aphelotherium). As the latter is believed by Gaudry 
and Gervais to be Lemuroid in affinity, Hyopsodus must have a similar 
reference. This is confirmed by the approximation in dentition to Tomithe- 
rium through intermediate genera. 

The type is H. paulus, Leidy; a second species is H. vicarius, Cope, 
both from the Bridger beds of Wyoming. A single jaw-fragment from 
New Mexico, was referred by me in the ‘‘Systematic Catalogue” to the 
former, but the material is insufficient for final determination. 

Hyopsodus miticulus, Cope. 
Plate xlv, figs. 10-12. 
Hyopsodus miticulus, Cope. System. Cat. Vert. New Mexico, U. 8S. Geog. Survs. W. of 
100th M., 1875, p. 18. : 
Esthonyx miticulus, Cope, Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 
100th M., 1874, p. 8; Id., Ann. Report U.S. Geog. Survs. W. of 100th M., 1874, 
p. 120. 

Parts of several specimens of this species show that the molars are 
similar in size to the H. paulus, but that it has a much smaller last inferior 
molar, which has such a low heel as to resemble the corresponding tooth of 
the species of Esthonyx. The last two premolars are more robust than in 


H. paulus, and possess rudimental anterior basal tubercles, of which a trace 
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only exists in the H. paulus, The mandibular ramus is considerably shal- 
lower, and the species was probably more diminutive. 

Represented by portions of mandibular rami of three or four individuals 
of the same size as those referred to some of the species above described. 
There are represented two premolars and three molars; other teeth are 
lost. The molars differ from those of the three preceding species in lacking 
the notch or groove dividing the inner anterior cusp of the crown, giving 
the worn surface a more simply sigmoid form; the anterior portion is, more- 
over, not materially more elevated than the posterior. The last molar has a 
large heel, an inner and two anterior tubercles when little worn. The pre- 
molars preserved are each two-rooted, and the penultimate is without heel 
or inner tubercles. 


Measurements. 
M. 
Length of the three true molars (No. 1) .-.......--....-.---.- sieeee) Meese 0. 0120 
engthyot thetworlast: premolars) (NO22)0. 2.2 .27-io-/c smn wie ole - itoe cee seice cs 0. 0064 
HhenoChrofathertirst:trne molar; (NO. 1) ira: 1c: d- 2! cicero see cig cteley ante ee hoe 0, 0040 
Wid tho msheyarstsorueymol any (NOs!) iewstetelermeit/aisieicialeleeeievs/=7e sicleiaiw oleletareie cele 0. 0030 
Mepthioftheiramus abt-first truesmolar (No. 1) 2222-22. sce se ere eels 0, 0080 


The worn surfaces of the first and second true molars are much like 
those of the corresponding teeth of Menotherium, Cope. That genus differs 
in the reduced form of the last inferior molar and in the premolars. 


OPISTHOTOMUS, Cope. 


Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, 
p. 15. 


Represented by inferior molar teeth of two species. These do not dis- 
play a bifid or double anterior interior cusp, and the crowns exhibit two 
anterior cones, and an inner cone and outer crescent posteriorly. The 
posterior crescent is well defined, and is continued on a narrow crest to the 
anterior inner tubercle. The posterior molar presents the peculiarity of a 
series of three cusps in one line, the median having another or lateral cusp 
near it. 

This genus is also probably Mesodont, but differs widely in the form 
of the last molar from Tomitherium, Pantolestes, &e. This tooth would 
appear by its form to be capable of a sectorial function in relation with the 


opposing tooth of the superior series. 


152 MESODONTA. 


Opisthotomus astutus, Cope. 


Plate xlv, fig. 9. 
Loe. cit., p. 16. 


Established on two posterior lower molars, which were found in imme- 
diate association, but not attached to the jaw. The penultimate molar has 
a convex cingulum in front connecting the two cusps, and a median poste- 
rior cusp of small size. The last molar has a wide ledge in front, and the 
anterior cusp is on its outer side. It is separated by a valley from the 
middle cusp, which is the most elevated. Directly on its inner anterior 
aspect, a stout cusp is attached, and connects by a low ridge with the ante- 
rior. The posterior cusp is elevated, conic, and median, and is connected 
with the central cusp except at its apex. There is no heel behind it, nor 
any cingulum on this or the anterior molar tooth. The enamel of both 
teeth is nearly smooth. 


Measurements. 
M. 
Length of the crown of the median lower molar..........-...2...-+--- ---. 0.0065 
WiLGtheOr the:Sam er ci. jasle..c 7 ternrsie: slerarens eevee ie sey ee cee eae ere Seer 0. 0060 
Length of the crown of the posterior lower molar .........-.......---.0s-0- 0. 0085 
Width-of-the:samevnitroantisce. ce ace Sec aes eo eeteieee ee Ceateite ieee 0. 0050 
Hength-to-theyniddlercuspss--5--eeser a oe eee ee eee eaeccce 0. 0045 
Mleyation of the: middleveusp sass4ee eee eee ee eee eeeee oe ie saelacte 0. 0050 


Opisthotomus flagrans, Cope. 


Plate xlv, fig. 8. 
Loe. cit., p. 16. 


A larger species belonging to this genus, is represented by a portion 
of the lower jaw, from which the molars are broken, excepting the last. 
The outline of the base of the crown of the latter is elongate-subtriangular, 
the base of the triangle being anterior. The anterior fourth of the crown 
is a ledge with angulate border, aid a tubercle at the outer anterior corner ; 
the remainder of the crown consists of three elevated cusps, an external 
alternating with an internal, and a median posterior. The inner and outer 
cusps are rather obtuse, and are separated by a deep notch; the posterior 
cusp is much lower, is obtuse, and has a still smaller tubercle at its inner 
basis. ‘The surface of the heel is oblique, for the external anterior tubercle 
sends a ridge to the internal median cusp, so that the line of elevation of the 


crown is a zigzag of three limbs. 
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Measurements. 


M. 
Length of the crown of the last inferior molar .......-...-...---...-....--- 0. 012 
Width of the same anteriorly ...... -.. Bee Heeb he heer SSDS eB Ohe BerP eae ce 0. 006 
Length between first and third cusps of the same ...............-..-..-- Sone WAUND 
Depihofrachermamusiat sh O:SAM Oy esr aiere sale clase <2 cate © - 2 cease <ciseleicieie: «cle cee 0. 020 
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To this suborder I refer the genus Esthonyx, on account of the near 
resemblance of such parts of the dentition as are known to some of the 
genera now existing. It is not unlikely that other genera of the Eocene 
which have been referred to the IJnsectivora belong here. Esthonyx 
exhibits an approximation to the Tillodonta in the restriction of the enamel- 
layers of the incisors of one of the jaws to the anterior face only. The 
inferior molars have much the constitution of those of Anchippodus, and in 
their details resemble also those of Erinaceus. As compared with the Creo- 
donta, there is a near.resemblance between these teeth and the tubercular 
molars of Didymictis, and through them to the tubercular sectorials of the 
Oxyenide, with which they agree in essential composition. 

On the other hand, resemblances between the dentition of Esthonyx 
and the supposed Lemurine genus Tomitherium are not wanting, and the 
Rodent-like anterior teeth of the Lemuroid Chiromys suggest still further 
affinities between the Eocene members of that group and the Tillodonta. 


ESTHONYX, Cope. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p.6; Id., Ann. 
Report U. 8S. Geog. Survs. W. of 100th M., 1874, p. 118; System. Cat. Vert. 
Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 23. 

Incisors of two forms; the inferior subgliriform, but not growing 
from persistent pulps; the enamel covering a long and narrow external 
vertical face, and terminating: above the alveolus, thus distinguishing 
crown and root. The other form of ?incisor with the apex encased in 
cnamel, but extending much farther on the outer than the inner side; the 
crown compressed, not wider than the root. Molars supporting two V’s, 
with rounded apices directed outward, the posterior soon wearing into a 
triangle lower than the anterior. The anterior elevated and transverse, 


only distinguished from a triangle by a notch on the inner side. Last 
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lower molar with this anterior transverse triangle, a diagonal ridge, and a 
heel with raised border. The fourth premolar has a V-shaped crest on its 
anterior half, the angle being an elevated apex of the external face, the 
limbs descending inward. 

This genus differs from <Anchippodus and Ectoganus in the far less 
gliriform character of the incisor teeth, although the composition of the 
molar teeth exhibits a true resemblance to that seen in those genera. The 
incisor is annectant to the form usual in Mammals, betraying the Rodent 
character in the absence of enamel from the posterior face, and the oblique 
bevel posteriorly from the apex to the shank. The ?canine or superior 
incisor (second form) is elongate, and without distinction between crown 
and root, but is straight, and not gliriform. A resemblance to the superior 
incisor of Eetoganus can be observed in the deep emargination of the 
enamel to near the apex on the inner side, and the convexity of the 
opposite side. 

A strong resemblance can be discovered between this genus and 
Tomitherium, which is described under the Mesodonta. The composition 
of the inferior molars in the latter is essentially the same in the two genera, 
but the anterior cusps and yokes are relatively less developed in Tomitherium. 
An obvious resemblance is seen in the last premolar, which is somewhat 
sectorial in the form of its anterior half in both genera. There is no 
enlarged external incisor in Tomitherium, but either arrangement is con- 
sistent with Mesodont affinities, and even incisors of Rodent-like character, 
in view of the structure of Chiromys, so that Esthonyx might perhaps be 
properly referred to that group. Its resemblances to Evrinaceus are, how- 
ever, so many, that I leave it here for the present. 

Esthonyx bisulcatus, Cope. 
Plate xl, figs. 27-33. 


Esthonyx bisulcatus, Cope, Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 
100th M., 1874, p. 7; Id., Ann. Report U.S. Geog. Survs. W. of 100th M., 
1874, p. 118; System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of 100th M., 1875, p. 24. 

Esthonyx acer, Cope, Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 100th 
M., 1874, p. 7; Id., Aun. Report U.S. Geog. Survs. W. of 100th M., 1874, 
p. 119. 


Represented by parts of both mandibular rami, with molar and loose 


incisor teeth of one individual; a mandibular ramus, supporting the last 


nN 
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four molars, of a second; a fragmentary ramus, with one molar in place ; 
and some isolated molars, of a fourth individual. 

The section near the apex of the crown of the ?superior incisor is 
lenticular, one side (?the inner) being interrupted by a low longitudinal 
ridge, from which the enamel is removed by attrition. The enamel is 
slightly and obsoletely striate. A section of the inferior incisor is oval, 
flattened on the inner side; the enamel is obsoletely rugose, and is slightly 
incurved on the upper surface near the apex. 

The grinding-face of the molars and some of the premolars is n-shaped, 
but the anterior limb of the figure is much thickened on the inner face, so 
as to have a triangular form, the base being inward. This base is notched 
by a second groove of that side of the tooth, which interruption is oblit- 
erated by prolonged attrition. This portion of the crown is elevated above 
the posterior, in consequence of the more rapid removal of the latter by 
trituration. The large internal and external grooves continue nearly to the 
base of the crown, as in Ectoganus. The last inferior molar is longer 
than the others, and is three-lobed, forming by its base nearly an isosceles 
triangle. The heel is formed by the backward production of the posterior 
convexity of the , the central line of the figure forming a diagonal ridge 
across the middle of the tooth. 

The mandibular ramus is of a deep compressed form. 


Measurements. 
M. 

Length of three consecutive molars .......... ead Gonmes Contec eee: ive =, 400250 
IhenethvotbhenlastibwO) MOLATS i.) cea ners ieiclee of cle se 2.0 Fs Saoeonee 0. 0210 
Heng onrofsthespenultim ater niOlaiy ce - aeleleyand serafarete sie aren ites iain en -- 0.0084 
Wad thot thessames 2-15 sccier iiss iclu- si Brodcboscss dhesue cece Penaet Osea nene 0. 0062 
LCV TENE soaeic dhe Sh osaea cos Bao adapoe bused HoncosoSbeSane 0. 0112 
Wid thiotethe: same cp ccte tae cree crete eee cece siete nc etoie dite cierete By cess | OF00T0 
Length of the incisor, second form .....-....-.--- seecieeieleeiciecrseieeiseiee ees 0. 0250 
WDitmMe bers Ole tHeySAMC aortas ciete cette = miei ereie vette rietsle atm eboieisies meets eis siemegse ee Os0050 
Diameter of the incisor, first form, transverse ...........--..----. .-..20--: 0. 008 

Diameter of the incisor, first form, antero-posterior .. ....-..... ae ae . 0.0070 


A second specimen consists of a portion of the lower jaw, in which 
the last four molars remain. They resemble those of the specimen already 


described. The anterior one of the series assumes the form of a premolar, 
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the posterior V becoming a curved median cutting-edge, and the anterior V 
opening into a crescentoid section; it rises to an acuminate apex, having 
thus a rather sectorial character. In the three true molars, there is a small 
tubercle at the inner base of the posterior limb of the anterior V. Posterior 
V much lower. Tnamel smooth. 


Measurements. 


MM. ee 
Length of-thesfourslasiymolarse-se-eeeeee accra teeererie coerce nee cee 0.035 
hength*of the threeilastimolars.-- se. -1=-eo- soe eee eee eee eee 0. 026 
Length.of the penultimate ’molar).2o.-cesss ere eee eee eee eee 0. 008 
Wiadthvotithe same shtece....cer-ssierceisese ster arco setts pono Coaoad boon Setesae 0. 00S 
Length of the last molar ..... Boca cop Dome Ones Hearn DbSOS Ehodas Soouaoes oes 0. 011 
Width: of ‘theysamecn = <><. eta sare score tee Saye ee ne ace On005 
Depth ofthezjanzatithedastimolan-eeresss-e- ee eee ee eee nee eee 0. 020 


This species is like the F. burmeisterti; but the mandibular ramus of 
that species is relatively deeper. 


Esthonyx burmeisterii, Cope. 
Plate xl, fig. 26. 


Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 100th M., 1874, p. 7; Id., 
Ann. Report U. S. Geog. Survs. W. of 100th M., 1874, p. 119. 


A species nearly allied to the £. bisulcatus, the type of the genus, is 
represented by a portion of the right mandibular ramus, with the last molar 
tooth in perfect preservation. While the jaw is of a depth similar to that 
of the E. bisulcatus, it is more slender in its proportions. The molar, also, 
while of nearly the same length, is relatively narrower, especially in its 
anterior portion. The crown of this tooth is worn in the specimen, and the 
anterior portion is elevated above the posterior, and displays a trace of the 
notch of the inner margin already observed in the species last described. 
The composition of the tooth is similar in other respects. No cingula. 
Enamel smooth. 


Measurements. 
M. 
Thengthyofathedast lower molarieccseee eee eee ee eee eee eee 0. 009 
Length of the last lower molar from the Rnterian eateeclen Siero eialcte wets aitoreae 0. 0060 
* SILELTOLN YS sie io 0, fo cacti eee a Oe me Se yd a Soares ee eee eee Gee eee eect 0. 0050 
V h 
wae aes Peete = Ie SCr Cone SAR OLE: ule Jevatad Stele ave Sere esre/e 0. 0025 


Depth of the ramus at the last nol 5 ans a (erapha\ctahete ahalslere torteeree ection teeeae 0, 0240 
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This species is dedicated to Prof. Hermann Burmeister, director of the 
museum of Buenos Ayres, who has studied the Mammalia of the deposits 
of the Pampas, and given us an excellent account of their osteology. 


TANIODONTA. 


The characters of this group, already pointed out,* are most distinctly 
seen in the teeth which are supposed to be superior incisors. Unfortu- 
nately, they have not yet been found in place in the cranium; but their 
association with a Rodent type of inferior incisors, which have been found 
in place in the mandible, confines us to the alternative choice between 
superior incisors and canines. From the small size or absence of 
inferior canines, a similar character may be inferred for the superior denti- 
tion. 

The superior incisors present two bands of enamel, an anterior and a 
posterior. They are compressed in form, the sides presenting a surface of 
dentine or cementum. Attrition produces a truncate or slightly concave 
extremity. The inferior incisors are Rodent-like. 

Two families represented this suborder in the Eocene period in New 
Mexico. The first or Ectoganide possess molar teeth with several roots. In 
the Calamodontide, each molar has a simple conic fang. But one genus of 
each family is known. In Calamodon, the deficiency in enamel is supplied 
by a deposit of cementum. 

The type of superior incisors characteristic of this division is unknown 
elsewhere among Mammalia. It is intermediate between the usual type and 
that of the Rodentia, but it is not, therefore, evident that it represents a 
stage in the process of differentiation of the latter order. This is rather 
seen in such incisor teeth as those of E’sthonyx. The great reduction in the 
extent of the enamel investment is an interesting approximation to the 
Edentata, where this substance is altogether wanting. The reduction is 
greatest on the adjacent sides of the molars; it has a little greater extent on 
the inner side, while it extends as a band on the exterior side, so that in worn 
teeth this surface alone remains, In addition, there are a heavy cementum 


* Proc. Acad. Phila., March, 1876. 
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investiture and undivided roots in the genus Calaniodon, features essen- 
tially characteristic of the Edentata. 
Thus we have in the Teniodonta the first hint as to the relations of the 


Edentata in early Tertiary time. 
ECTOGANUS, Cope. 


teport Vert. Foss. New Mexico, U.S. Geog. Sarvs. W. of 100th M., 1874, p. 4; Id., Ann. 
Report U.S. Geog. Survs. W. of 100th M., 1874, p. 116; System. Cat. Vert. 
Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 6. 

This genus rests on a number of remains of the crania of two 
species, including principally teeth, in a good state of preservation, all 
found in appropriate relations by the writer. The teeth include incisors, 
molars, and premolars, it is believed, of both superior and inferior series. 

There are two types of gliriform incisor teeth, and of one of these, in 
the largest species, three sizes. In the inferior, the teeth are elongate, com- 
pressed, convex in both directions on the anterior face; and are convex or 
angulate in section at the posterior face; the enamel is confined to a band 
on the anterior face, extending more or less on one side or the other, the 
naked dentine extending prominently backward at the middle and basal 
portion of the shaft. 

The teeth of the other type correspond with those referred to the upper 
jaw in the genus Calamodon. Like them, they are flattened, and have 
a convex, enamel-coated, anterior face, and a similarly coated posterior face, 
which converges toward the anterior, instead of being parallel with it, as is 
the case in Calamodon. In EL. gliriformis, the unworn apex is partially 
preserved, and presents the peculiarity of having two distinct terminations, 
one for each enamel face. Between the two, there is a deep notch, which 
is oblique, and also extends up one side of the tooth for a greater or less 
distance, according to the species. The superior apex is entirely encased 
with enamel. The enamel bands are oblique in the transverse direction as 
in Calamodon, looking to the side which I suspect to be the external. The 
other side is flat. This peculiar form induced me to suppose at one time 
that this body consisted of two distinct.teeth connected by the alveolar wall, 
a view which I subsequently corrected. 

There are three molars of the superior, and several of the inferior series 
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available for present determination. ‘The superior are all remarkable for 
the great exposure of their external faces as compared with their internal, 
and the extension of the enamel on the outer face of the very thick external 
root, which is not distinguished from the crown. The premolars have two 
of the roots connate, forming a support to the greater part of the crown. 
The worn surface is in form something like the Greek @, the deep emargi- 
nation being internal. The inferior molars have greater antero-posterior 
than transverse diameters. The enainel is more extended on one side than 
the other, covering the exposed portions of the roots. The grinding-surface 
is plane, and has the form of a horizontal _m; the limbs being angulate, as 
in the Greek \. The enamel of the oblique molars is quite thin. A portion 
of a large molar which I originally described as having three roots is of 
uncertain position, owing to a portion having been lost. Two sides of the 
crown stand on a single root of crescentic section which is abnormally 
divided by a fracture. There were three prominent tubercles on the cir- 
cumference of the crown, but injuries it has sustained prevent the descrip- 
tion of its true form. 

This genus apparently occupies a position between the single-rooted 
and many-rooted genera of the group. It differs from Anchippodus and 
its immediate allies in the greater simplicity of the form of the inferior 
molars, which are composed in the latter of two V’s, somewhat as in many 


Insectivora. 
Ectoganus novomehicanus, Cope. 


Plate xl, figs. 34-39. 


Calamodon novomehicanus, Cope, Report Vert. Foss. New Mexico, U. S. Geog. Survs. 
W. of 100th M., 1874, p. 6; Id., Ann. Report U.S. Geog. Survs. W. of 100th 
M., 1874, p. 118. 

This species is represented by a superior and perhaps an inferior 
incisor tooth. The former obviously belongs to a species of Lctoganus, but 
exhibits strong characteristic distinctions from the corresponding tooth of 
the EF. gliriformis. It belongs to an individual of larger proportions than 
the type-specimen of the latter. 

The superior incisor has the usual compressed form, and is concave on 
one side and convex on the other. The two enamel-covered edges are thick, 
and converge gently. The enamel bands themselves are extended chiefly 
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on the convex face of the tooth, and not far from the grinding-face they 
unite, surrounding that side of the end of the crown. The enamel bands 
are also slightly incurved on the concave face, increasingly so near to the 
erinding-face, but they do not meet by a considerable interval. The 
masticating surface is therefore oblique, wearing faster on the side not 
protected by the enamel. On the opposite side, the enamel is thrown into 
an entering fold of little depth at the point to which the crown is worn in 
the specimen, which runs out a little above the grinding-face. There are 
some obsolete stris on the enamel toward the decurved margin. The 
pulp-cavity is large at the fractured base of the tooth, and is surrounded 
by thick dentinal walls. 


Measurements. a 
Length of the crown. preserved: -.---..--<----- 22-22 -2 seen seeene ser (03038 
Depth of the crown at the broken base ....-. .----. gen--- 0 -- 20+ eee ene cee eee 0. 018 
Depth of the crown atibh ela pes rere. crete ete a allele oh te atte elope 0. O11 
Width of the crown at the broken base....-...-- apSseocdaoowocs soUEcE doonod 0. 008 
Width of the crowniat theapex <caesecte so weno erscteoersiroaiciay sisi aioe tele 0. 006 
Width of the interruption in the enamel at the grinding-face.........-...... 0. 005 


In comparison with the corresponding tooth of the Z. gliriformis, the 
following peculiarities may be observed: the convergence of the enameled 
faces is much less rapid in L. novomehicanus ; the flat side of the former is 
replaced by a concave side in the latter; the convex side of the E. novome- 
hicanus, is in E. gliriformis grooved next the lower or posterior side, the 
enamel band standing out in a bead; this groove becomes deeper, and 
finally divides the apex into two; in L. novomehicanus, this groove is only 
apparent near the apex, and the enamel bands are continuous with the 
intervening surface except at that point; the anterior enamel band is more 
strongly incurved on the flat side near the apex in the E. gliriformis. 


Ectoganus gliriformis, Cope. 


Plate xii, figs. 1-12. 


Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 100th M., 1874, p. 5; Id., 
Ann. Report U.S. Geog. Survs. W. of 100th M., 1874, p. 116. 


The teeth constitute the available representatives of this species; the 
cranial and other fragments found being useless for description. 
The superior enamel face of the superior incisor has an open shallow 


groove near the supero-anterior margin. The face of the superior apex, 
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which presents to the other apex, has a wide longitudinal groove. The 
inferior enamel band covers a prominent rib, which, near the apex, projects 
so as to be 0.66 of a cylinder; its enamel is not grooved, but has, like that 
of the superior band, an obsolete trace of wrinkling. 

The large inferior incisors are beveled on their posterior edge far 

below the apex, so that the outlines of the teeth are not parallel, as in the 
species of Calamodon. In the similar incisors of the second size, the 
posterior bevel is much shorter and more abrupt, and the posterior border 
of the shaft is not quite concentric with the anterior, converging a little 
toward the apex. In the smallest teeth of this type, the two borders are 
nearly parallel. The section of the two larger kinds of teeth is diamond- 
shaped; that of the smallest, a narrow oval. The enamel band on the two 
larger kinds of teeth is quite protuberant, but in the least it is narrow and 
merely convex. The enamel band on the largest inferior incisors is slightly 
convex on one side; and, on the other side, where it is more extended back- 
ward, it exhibits a shallow longitudinal concavity. Both sides are obsoletely, 
but distinctly, longitudinally ribbed. The enamel of the teeth of the medium 
size is quite similar. The dentinal shaft of the largest is contracted to a 
narrow edge behind; that of the second size is more obtuse. 
‘The enamel of all the molars is smooth, and without cingula. The 
transverse crests of the unworn true molars support two tubercles, and the 
inner extremities of the crests of the premolars are produced in accordance 
with the oblique wearing of the incurved crown in mastication. 


Measurements. 


M. 
Hen gihvortheminterior 1 CiSOlwMArces tre assert 2c on eee eera te ele oe 0. 043 
Widthy of theisames sey. semis ls eet heroes Boe oR NEO Ae BA eh SA 0. 013 
Depihvotsther same neem. ss ncetel- eee Sra Bee CARE BRO Aa aan Me Aes 0. 018 
eng throf the incisor, mediums, typenl..2- ssa. sass s = cele eee neice 0. 034 
Wridthrotsthelsanie; 22-5 << sec nt jor see se cree Sates aie ie Meaty eree oe ster Sore 0. 006 
Depth of the same........-..-. Ltt Sere aS 2 SORES OR ORIOOOOT OS ae 0. O14 
Depth ofstheuncisor: least, by perl 2 ryt eevee i= ee epee oteetveteree Soe 0, 009 
\RGUINGTe GCE De Hess ee ieanen Ste ME ti cor arian Goalsg ace 5 oe SaamoonG pems-- 0,004 
men sthyot theysuperion in CiSOm-sws 2.) 21a) yo ert oereeee fore oe ee ce sialsinine eniee a. = = 0. O31 
Wadthvoteihe same: w-. 26-2 ses Soe ape OTe Ree yeahs aeia’s/d ois we ors 9, 021 
Diameter of the erown of a premolar) OO Ty ong 
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Length of the enamel of the face externally... ...---.---- +--+ ++---++e++---- 0.013 
Length of the same posteriorly .....-------.-------22 225 ce eee eee neee eee: 0. 005 
Length of the crown of the posterior upper molar......----.---------- eee OSOLG 
Waidtbiof the Same. 2.c01 ce eecie catalase lee etter tal spe bonidtisaeuncodusscos 0. 012 
Length of the crown of the posterior lower molar .....---------- daddaucsdess 0. 012 
‘Width of thesame eee) ee oe eee eee eerie re syate(erete Seems | 0009 


Size about that of a fully-grown Peccary. 
CALAMODON, Cope. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p.5; Id., Ann. 
Report U. S. Geog. Survs. W. of 100th M., 1874, p. 117; System. Cat. Vert. 
Eocene New Mexico, U. 8S. Geog. Survs. W. of 100th M., 1875, p. 24. 

This genus is characterized as follows, from the material which I have 
been able to procure: Lower jaw with one pair of large incisors growing 
from persistent pulps; each ramts with seven teeth following its incisor 
without interruption, the last within the base of the coronoid process. 
These teeth with simple roots, but not growing from pulps having a con- 
tinued persistence. Crowns of the molars with a transverse depression, which 
separates some low tubercles. Superior molars not certainly known. The 
superior incisors of two kinds, both differmg from the inferior in having a 
squarely truncate grinding-face, instead of an oblique one, in which they 
differ totally from those of Rodentia. The larger have two enamel bands, 
an anterior and a posterior, and one side is concave. The smaller incisors 
have the anterior enamel band only, in the specimens preserved. 

A characteristic feature of the dentition in this genus is the thick 
coating of cementum which invests those portions of the molars and supe- 
rior incisors which are not protected by enamel. In these teeth, it is thicker 
than the enamel, and forms thickened raised borders surrounding the latter, 
producing a characteristic appearance not known in the other genera. It 
is not observable in the large inferior incisors. _ 

A part of the skeleton of one of the species is preserved . It shows 
that the humerus was robust, and was pierced distally by a large arterial 
foramen. The condyles are not very convex, nor the internal epicondyle 
so prominent as in some of the Creodonta. The head of the radius is flat 


and incapable of rotation, and is rather slender, while the ulna is deep and 
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thin. An ungual phalange is stout and compressed, and but little curved, 
and without the basal sheath seen in the Carnivora and some Edentata. 

The exact homologies of the seven mandibular teeth are obscure, and 
it is uncertain to how many the expression molar should apply. The two 
immediately following the incisor differ in form from the last five. 

The symphysis is solid and short; it projects wedge-like between the 
large incisors, whose anterior borders are closely approximated. There is 
a large mental foramen. 

The typical species is the C. arcamanus. 


Calamodon arcamcenus, Cope. 
Plates xli, figs. 13-17; xlii, figs. 1-5; xliv, fig. 1. 


Report Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p.6; Id., Ann. 
Report U. 8. Geog. Surys. W. of 100th M., 1874, p. 117. 


This species is represented primarily by a left mandibular ramus con- 
taining a part of the incisor tooth, with which were found portions of the 
other ramus, with fragments of incisors, and two molars with entire crowns. 
These remains were all found in immediate association, and evidently belong 
to a single individual. To this species, I refer inferior incisors, with a few 
associated bones, of three other individuals. 

The mandibular ramus is stout in all its dimensions, and the 
symphysis is completely co-ossified. The base of the coronoid process 
is thickened anteriorly, and the ascending portion forms an ascending 
ridge, but the masseteric fossa is not defined below nor antero-inferiorly. 
The inferior border of the ramus is inflected neither inward nor outward, 
as far back as preserved, 7. e., the line of the condyle. The external 
face of the ramus is convex, and the thickness of the ramus dimin- 
ishes very little anteriorly. It is fractured near the middle, but the 
alveoli for seven teeth behind the incisor are preserved. Of these, the 
last five are quite similar in proportions, while the first two are of charac- 
teristic forms. How many of them should be regarded as molars, and how 
many, if any, canine and incisors, the material is not sufficiently complete 
to enable me to determine. The posterior two alveoli are subquadrate, 


with rounded angles; the three preceding them are more nearly round 
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in section. The second tooth is peculiar, and having its transverse diameter 
twice as great as the antero-posterior, its position in the jaw is thus 
transverse. The root is like that of the other teeth, simple, but is slightly 
constricted on both the wide faces at the middle; its position near the 
ascent of the large incisor causes it to be a little shorter than that of some 
of the others. The first mandibular tooth is small; its alveolus is triangular- 
oval in section, the longer and oblique side being internal, and extending 

“alongside of the large incisor three-quarters of its length. It is possible 
that this tooth should be reckoned as an incisor. 

A well-preserved molar contracts downward to the base of the root, 
which is not twice as long as the crown. The. latter has perpendicular 
sides, and one of its diameters is a little longer than the other. The enamel 
investment of the crown is uninterrupted on the sides, but has an irregular 
line of contact with the superficial layer of the root. If the side where 
the enamel descends lowest, be, according to the analogy of other species, 
the external, the boundary on the inner side is a little higher and oblique; 
it is angulate on the narrower end, and deeply notched at the wider end. 
The former will be, according to the analogy of other species, the anterior. 
It supports a transverse yoke, partly divided into two tubercles, whose long 
axis is also transverse. The posterior end of the crown supports two much 
smaller tubercles, which form the central part of a crescentic elevation of 
the border of the crown. One apex of this crescent is separated from the 
anterior yoke by a deep fissure; the other apex is contracted within the 
border of the crown, and, descending, extends to the basis of the anterior 
yoke, resembling the oblique yoke of the inferior molars of ctoganus and 
Esthonyx. Center of the crown concave; no cingula, except a trace at the 
middle base of the anterior yoke. Enamel smooth. Fragments of incisor 
teeth accompanying this jaw exhibit smooth enamel, without longitudinal 
grooves or striz, and without transverse lines of growth or rugosities of 
any kind; the section of this face is uniformly convex. <A portion of the 
middle of the incisor in the jaw shows a shallow longitudinal groove near 
the posterior external margin. The incisive alveolus extends to below the 


third molar from behind. 


‘ 
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Measurements. 


: M. 

Length of the ramus to and including the last molar... ..............-..--- 0,128 
Length of the same to the base of the coronoid ....-. ..-....-............5-- 0. 098 
Length of the five molars alveoli...... Rae aire i Seis stp aepene Se ews. REE -- 0.075 
Length of the alveolus of the penultimate: ....-.-......-0 v2. -25 eet. nee 0, 013 
VVC Or TING SAIN cons Gabrac DaGoog Niece ReGen: Gcm Serna Ae Aen a aera eens eerie 0. 015 
Length of the alveoli of the first and second teeth .............-5...--.- .. 0.025 
ene thyofsthe-alveolus of jthe:second tootht <0. <:eic a e e ns re os se ee sine 0. O10 
WAG OE Winey RMT. Saab a ae oo 6 Od acieios Ge aaa Seg ieies ea eer nee fo uiinene: 0. 023 
enethzo£ the alveolusiof thetirst tooth. 32.0. . (02-2 S ne ewes ioe veins 0. 010 
WViGleat Oe THIOCEN ues 5 oe odes ER ae Ree Oe aoe ob Sedat ieee aire a aera 0. 009 
Width of the inner side of the incisive alveolus .:-........--.-... .s-.--+.-- 0. 023 
Depth of the ramus at the antepenultimate molar ......:...-...-......----- 0,053 
Depth of the same at the antepenultimate molar ................-...-.-.--- 0, 030 
Wenge thpotsihe crown, OL thennteriorm Olaris-. ctrl c in) cll -tueierpers i ciate iefeyar= 0. 015 
IWiidithrofsthe Sam Genrya-te cas oo 152-77 Pale gener Re COG aE ARO ES Soe Cer 0.013 
Blevationsofeuh ersamel(Greatest)ieret cette crisreeeee tice, cree ecole teretele |S silepaays 0.018 


A nearly entire inferior incisor accompanying some bones of uncertain 
reference appears to belong to this species. It forms nearly a regular arc 
of 73° of a circle of 0".095 in diameter, but is not in one vertical plane. 
The anterior face is turned somewhat outward; the external face of the 
tooth thus becoming oblique, while the other is nearly plane. The posterior 
border is rounded, and maintains a uniform thickness and a uniform distance 
from the anterior face to its distal termination. This termination is an 
abrupt truncation about an inch short of the apex, which is worn from a 
thin enameled edge backward and outward. The mark of attrition of the 
superior tooth is distinct three-quarters of an inch below the truncation, on 
the inner side. The sides of the tooth are shallowly concave, the outer 
most so. The enamel band extends a little farther back on the outer side, 
and its section is widely convex without any grooving, except a shallow 
concave line near the inner border. The apex is perfectly smooth; lower 


down there are faint longitudinal ribs. 


Measurements. 


M. 
enethiotetheuncisorion theyconvextby, =.-misjsy =a) orsererttt een nice ees ie . 0.135 
Antero-posterion diameter, below the apex - vjt aot --aleeie= = aleleleieie ieioieu='> « «0 0.030 
ANtCrO-posteniondiameter at the|Dase ae. cms tee eteietteiserteets secre aire cle se 3 sxl- - 0. 051 
Transverse diameter below the apex anteriorly... .....-..........-.--- are 0016 


Transverse diameter belew the apex posteriorly. ....-.......-...---------+-+- 0.010 
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An incisor of another individual displays the same characters; 7. e., the 
posterior truncation below the apex, the equal antero-posterior diameter, 
and the broadly convex ungrooved front. The size is a little smaller. A 


portion of a third individual is similar. 


Calamodon simplex, Cope. 
Plates xlii, figs. 6-8; xliii; xliv, figs. 2-5. 


teport Vert. Foss. New Mexico, U.S. Geog. Survs. W. of 100th M., 1874, p. 5; Id., Ann. 
Report U. 8S. Geog. Survs. W. of 100th M., 1874, p. 117. 


The remains of this species were found rather more abundantly than 
those of the C. arcameenus, from which it differs but little in dimensions. It 
may be distinguished by the form of its inferior incisor teeth, which are 
more robust and more roughened by longitudinal striz or grooves. The 
most marked of these is a shallow concavity near the external posterior bor- 
der, which destroys the regular convexity seen in the C. arcamenus. The 
median portion of the face is more protuberant, and the investiture of enamel 
extends more posteriorly on both sides, the external border lying along 
the summit of a low longitudinal rib of the dentine. The posterior border of 
the shaft contracts gradually to the trenchant apex in front, as in Hctoganus 
gliriformis, and is not truncate, as in C. arcamenus. 

The specimen of this species first described consists. of portions of 
inferior incisors and a molar. The former are larger than those of the C. 
arcamenus, and the enamel face is protuberant, having a greater posterior 
extent than in that species; one side is gently convex, and is marked with 
a number of obsolete longitudinal ribs; the opposite face is turned outward 
at its posterior border, forming an open concavity. This side also is marked 
by obscure longitudinal ribs. The enamel surface is obsoletely rugose, 
except near the apex, where it is smooth. The molar is elongate, simple, 
and gently curved. Its section is obtusely subquadrate, and the external 
face, which is convex longitudinally, is also more convex in cross-section 
than the other sides. The external face has an investiture of enamel to 
near the base, while the dentinal surface extends to near the triturating sur- 
face on the anterior and posterior faces. The enamel of the inner face 
descends to a pointed extremity which marks half the length of the external 
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enamel face. The triturating surface is nearly round, excepting a small 
entering loop of enamel on the inner side. It is worn obliquely, an angle 
of the circumference projecting beyond the rest. The enamel is marked by 
obsolete longitudinal riblets. The root contracts downward. 


Measurements. 
M. 
; ; : Rete tranSVersewee oo ees ae cee 0. 019 
Diameter of the enameled part of the incisor § ; ; 
a aa lonsitudinallsq-s2- aero ee 0. 015 
a rain = 
Diameter of the base of the crown of the molar § @USverse -----.-----+---- 0. 015 
(longitudinal. ...--2...,....- 0,015 
Wenothsotetheicrownrof bhe molar On Curve. - 1--/s<-5- ts. 22 ems ose - $2 ee 0. O41 


The molar tooth of this specimen differs from the one described as 
belonging to the C. arcamanus. It is more prismatic and curved, and the 
enamel is more unequally distributed on its sides. The crown is more con- 
tracted. These differences are important, and are not dependent on attri- 
tion, since the short-crowned molar, that of C. arcamenus, is unworn, and 
the long-crowned one of C. simplex is considerably so. 

Another individual is represented by more abundant remains. It 
includes inferior and superior incisors, a molar, and portions of the cranium 
and limbs, especially humerus, ulna, radius, magnum, unguis, scapula, ete. 

The inferior incisors present the features already ascribed to the spe- 
cies. The superior incisor is a remarkable tooth, and has associated with it 
a smaller curved incisor, which appears to me to belong to the same jaw, 
although this point is uncertain. The large tooth is equal in antero-posterior 
diameter at the base and at the masticating face, andis gently curved. It is 
flattened in an antero-posterior plane, which is slightly twisted. The enamel 
faces are convex and oblique in reference to the cross-section, the supero- 
anterior one especially declining to one side. This side: is excavated into 
a shallow channel from one end to the other. The opposite side of the 
tooth is nearly plane or slightly convex at the masticatory face, and a little 
more concave near the root. The triturating surface is truncate. The 
enamel is smooth, excepting minute transverse lines of growth. The small 
incisor differs from the large one in having, like the inferior, only one face, 
the convex, protected by enamel, which is a narrow strip. The shaft. is 


curved, and is oval in section. The masticating surface is transverse. The 
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cementum layer is very thick. The molar is much worn, and has a cyclo- 
tetragonal section. The triturating surface displays no irregularity of form. 
The inferior enamel border is deeply emarginate anteriorly, posteriorly, and 
interiorly. 

The recognizable cranial fragments are few. The condyle of the lower 
jaw has considerable transverse extent, and fragments of the ramus show it 
to have been robust, and with the base of the coronoid process projecting 
laterally, and separated by a ledge from the posterior molars, which extend 
within it. 

A large part of the shaft of the right humerus, with half or more of the 
condylar extremity, is preserved. The former presents a deep bicipital 
groove, with especially wide deltoid ridge. The latter is, in fact, two 
ridges, presenting in opposite directions, with a plane between. There is 
also a postero-external longitudinal angle. The proportions of the hum- 
erus were stout, but cannot be exactly determined, owing to the lack of a | 
portion of the shaft. The inferior extremity is transversely expanded, dis- 
playing a moderate internal epicondyle. The arterial foramen is protected 
by a strong osseous bar, whose convex border projects a little farther than 
the internal tuberosity. The flange bordering the articular condyle within 
is obtuse and moderately prominent. The articular face is strongly con- 
cave transversely, but is incomplete in the specimen. 

The wlna and radius are entirely distinct, and the former maintains its 
proportions toward the distal end. Both extremities are wanting in the 
specimen. The shaft is strongly compressed; the inferior margin is 
rounded, and becomes oblique and expanded at the olecranon. The latter 
is well produced, and has an oval triangular section near the end. The 
humeral cotylus is shallow, but well flared on both sides. The inferior 
border of the ulna describes a very gentle sigmoid in profile. The head of 
the radius is flattened-transverse, and is almost, occupied by a nearly uni- 
form concavity. The shaft immediately contracts, and soon acquires a sub- 
triangular section, with the external face vertical. It expands again toward 
the distal extremity, which is lost. 

The os magnum is deeper than long behind, and half as long again 
behind as betore, where its length is exceeded by the width. The inferior 
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face is convex transversely in front, concave in all directions behind the 
front. The two superior facets are distinct, and it is only one of them 
whose plane rises into the posterior elevation. On the side of this, the lateral 
facet is distinct to the front. An ungual phalange is preserved, but wants 
the inferior surface. It is compressed, its superior angular line obtuse, and 
but little curved antero-posteriorly. The apex is moderately fissured. The 
proximal articular face is composed of two vertical concavities separated by 
a well-marked vertical angle. Its superior border is produced backward. 
The sides of the phalange are pierced by numerous nutritive foramina. 


Measurements. 


M. 
Length preserved of the large superior incisor.........--.---.-------++-+-+- 0. 045 
Length preserved of the posterior enamel face.....- -- Me re bee, 2 ee OOO 
Antero-posterior diameter of the grinding-face of the same...-.-..... -------- 0.019 
MransverserGlameler.Of ONOUSal Oke cme ee steels sere yale cdiel arama io =a esate ole ele =.= 0. 009 
Transverse diameter of the same at the middle ..--..-.- ERs Ce ee cose oes 008 
- Transverse diameter of the small incisor ...-...-...- 0. ---5 wees eee eee . 0.005 
Antero-posterior diameter of the same.-....-..---.-- DACA ad Boas coe US, 
Transverse diameter of the inferior incisor - x3 rs Are eo SORTER CE 0. O15 
Antero-posterior diameter of the enameled non of thes: SAMOnees sae See ae 0) O14. 
Mransverseiaiameter OL unenmOlareccatye-iieseclactete aie mimic stele aiarateofejenestne = = alse 0. O18 
Long diameter of the humerus at the deltoid ridge....-.-...-..--- die oat 0. 035 
Short diameter of the humerus at the deltoid ridge........-.--.---- --++---- 0. 025 
Diameter of the shaft above the arterial foramen ...-..--......-.---+------- 0. 034 
DiAMerer.ob thevarterialetOramenins « seseicle ote s atere ka sista stel~ olee's ate a! a minle 0. OLO 
Extent of the projection of the inner Dennen Ania SR EE Bee oi: Gets 0. 016 
Estimated extent of the distal end of the humerus...-.-..---...-..---- ..-. 0.060 
Depth of the ulna at the middle ..... | EO HESS R ROR Be ed epee ee esish  ONOZD 
Width ofthe wlmancb omen G CLG sree a clepteter tein < slate steiele iw mice vese's apace Os Oia 
Widinvomthe ulna atthe olecranome-— semis .sne 6 5-2 ete as ere a ee so Seo On O24: 
Width of the head of the radius....:..---.-...2.--..- NE Ree ae Dae a 0. 032 
Depth ofthe same <2. 0)... ons te ee ce nie own in ee ae yee ee teense oe 0. 018 
Depth of the shaft at the middle ...-.........-..-- Be ae ec Gee eee 0. 012 
Wild GhTo i tae Sha toratyth Gem Clee wcjersjspetetey ane oreterets olla ne eta els tens <r Bs vee O04. 
Length of the cuboid in front.......--. BA RAC OOO cence eae Setar 0.010 
Length of the cuboid behind ...-..... BS eine CECE Caos hig Te eer eae .. 0.016 
Wad tlirot the Cu bOlduimetront = -cte ses te aie eens ale = fa aioteteret eter alena ol -te/etelet~ = Bee 0: OLD 
Length of the ungual phalange .......-. 0-2. -.2. -- 22 eee eee ee eee ee eee 0. 030 


Width posteriorly: .-.--. 2. 2.5 secs cece enrin one thieves e bel ee sate carves e cesses 0. 018 
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In a third individual, the large lower incisor gives the following dimen- 


sions: 

M. 
Antero:posterior diameter <2. ects) lee eee ere eee eee 0. 030 
Transverse diameter at the border of the enamel .....--..-..-..------..---- 0.018 


Fragments of incisor teeth of several other individuals display similar 
proportions. The species was about the size of a Tapir. 


RODENTIA. 
Remains of Rodents are not abundant in the Eocene beds in that part 
of New Mexico examined by me. They represent but three species of the 
single genus Plesiarctomys, which is the characteristic form of the Bridger 


beds of Wyoming. 
PLESIARCTOMYS, Bravard. 


Plesiarctomys, Bravard, Ossemens fossiles de Desbruge, 1850, p. 5.—Gervais, Paléonto- 
logie francaise explic., tab. 36, p. 4. \ 

?Paramys, Leidy, Report U. 8. Geol. Surv. Terrs., 4 to 7 i, 1875, p. 109; Proe. Phila. 
Acad., 1570 (name only). 


The inferior molars by which this genus has been generally known 
resemble much those of existing Sciuride, but there are cranial characters 
which distinguish it from the existing forms of that family. 

The crowns of the inferior molars support four rather small and strictly 
marginal tubercles, which inclose a median valley. The anterior inner 
tubercle is more elevated than the others, and the posterior two tubercles 
are connected by a low ridge on the posterior border, which may be more 
or less tubercular on the last molar. In some of the species, the marginal 
tubercles are merely elevations of the margin, while, in others, the adjacent 
tubercles of a pair approximate, so as to form a pair of interrupted cross- 
crests. A maxillary bone supporting three molars displays characters of 
value. The details of the crowns of the superior molars are similar to those 
of the inferior series; except that, in the species examined, the inner tubercles 
are more unequal, the anterior occupying most of the border. There is a 
large round joramen infraorbitale exterius, like that of Ischyromys and Fiber, 
and entirely unlike that of Gymnoptychus and Sciurus, conforming in this 
respect to the forms of the extinct group of the Protomyide of Pomel. The 
incisor teeth are compressed, with narrow anterior face. The enamel is not 
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erooved, and is little or not at all inflected on the inner side of the shaft, 
while it is extensively so on the external face. 

No characters have yet been offered by which to distinguish the 
American species as representing a genus distinct from the Plescarctomys 
gervaisii of the French Eocene. Bravard briefly distinguishes the genus as 
distinct from Arctomys in the greatet thickness of the angles of the molars, 
which thus become tubercles. Only the mandible and mandibular teeth of 
the P. gervaisii are known. It has been found in the Upper Eocene of 
France, near Perreal, Apt. 

Plesiarctomys buccatus, Cope. 
Plate xliy, fig. 8. 

This Rodent is represented in the collections of the Survey by a right 
maxillary bone with adjacent parts of the cranium of one individual. 
Three molar teeth are perfectly preserved. The proportions are less than 
those of the P. delicatissimus, but larger than those of the P. widans. 

The malar process of the maxillary bone is largely extended in an 
antero-posterior direction as well as transversely, so that in the perfect skull 
it is probable that the orbit has a largely vertical direction. The malar 
process has a concave border, both anteriorly and posteriorly, being bounded 
by the orbit behind, and the large foramen infraorbitale anterius in front. 
Its inferior face is divided into two planes by an angle, which extends out- 
ward at right angles to the longitudinal axis of the skull. 

The outlines of the triturating faces of the molars are between quadrate 
and circular. They support four low tubercles, two each on the external 
and internal borders. The posterior inner is much smaller than the anterior 
inner, and incloses with the two external a concavity. On the anterior and 
posterior borders of the crown there is a low cingulum, but none on the 
inner and outer borders. Enamel smooth. 


Measurements. 


M. 
Lengths of the crowns of the three molars.......---.-......-. ...220- eee - 0.0080 
Length of the.crown of the third molar .........-....--........- ees = es 0. 0027 
AGG Ke COIS ores Bee aa REE ecinmeG comoooke domoce GSeKeee nade occmmee 0. 0030 
henothrot oherown of the firsh molar: —. tiie sscecre tec les seen se ciieoec es 0. 0025 
AWAY Gy; TENSOR oA A SaaS Onbabe bocce dao sco! Soho cod sod ope Re a aeeeE 0. 0030 


Antero posterior width of the base of the malar process of the maxillary bone 0. 0050 
Horizontal diameter of the foramen infraorbitale exterius ....-.-.--.----++-- 0.0028 
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Plesiarctomys delicatissimus, Leidy. 
Plate xliv, figs. 9 and 12. 
Paramys delicatissimus, Leidy, Proc. Acad. Phila., 1871, p. 231; Report U. S. Geol. 
Surv. Terrs., i, p. 111, pl. vi, figs. 28-29. 

I obtained a portion of a mandibular ramus of one individual, which 
agrees in measurements and other characters with the species above named. 
The jaw supports the second and third molars, and a considerable portion 
of the incisor. An isolated incisor of another animal of this species is 
figured on the same plate (q. v.). 

The ramus is compressed, and not robust in its proportions, although 
deep in proportion to its length. The diastema is short, and the mental 
foramen is just below the anterior border of the first molar. The masseteric 
fossa extends to the line of the posterior border of the third molar. The 
four tubercles which distinguish the molars of this genus are here elevations 
of the border of the crown, and they inclose a large basin. The anterior 
inner is the highest. 


Measurements. 
M. 

Length of the three anterior molars.......-...... Ee es nd So denice 0. 0100 
hengihvof the thirds molaiiess ss ecco ee the See ee eee 0. 0030 
Wally Geta GY REN ae oaAe Books done Ao baudeage socoeeaecdosocsnscnogos 035 0. 0020 
Length of the first molar... -- rad kaciarnte Wapeeie SS. Roe eRe RT ee hes dieeee .- 0.0038 
Widtbrofsthetsamet sana e oes bie ofa ey-.de el a ae sich in eeu ees ee eee 0. 0026 
Depth of the ramus; atithe second molar: -.-.. 2. s- = eee oe eee ee 0. 0094 
Dine orhe incisor’ antero-posterior... 2-5 veces = 2 ers settee eee 0. 0033 

CLANSVGRSO cise Gina fae eS eee eT STE 0, 6020 


These measurement’ show the difference in size between this animal 
and the P. buccatus. 
Plesiarctomys delicatior, Leidy. 
Plate xliy, figs. 10-11. 
Paramys delicatior, Leidy, Proc. Acad. Phila., 1871, 231; Leidy, Report U.S. Geol. 
Surv. Terrs., 1873, i, p. 110, pl. vi, 26, 27; pl. xxvii, 16, 15. 

Two mandibular rami indicate that this species was a member of the 
Wasatch fauna of New Mexico. They are more robust than-those of the 
P. delicatissimus, the incisor teeth are wider, and the tubercles of the molar 
teeth more strongly pronounced. The opposite pairs of tubercles are more 
or less connected by low ridges, a poimt especially marked in the anterior 
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pair of the second molar, and the posterior pair of the third. The tourth 
molar is the largest, having an additional or fifth tubercle posteriorly, thus 
inclosing a longer basin than do the borders of the other molars. The 
inner anterior tubercle is the most elevated, and there are no cingula. 


Measurements. 


M. 

Length of the posterior three molars.......-..-- SA en aS tae 050112 
Length of the posterior molar -....-.-.-. Se ee ae ek eee ee OOA, 
Witdithwot the samGiac. 2m = 226 trios ee es se at = Fe oe ieee ee Sey oes ---.- 0.0032 
MOM LOVOLSLNG SCCON GMM OLA eye ertcrss) nis:2 2, tase ale cfs nia 7aals aya" s2rs/ | eleva Bveleeeiae s 0. 0035 
VAUGHN GENO: 6S5 6 acs CSO R GRO RO De One Se eIeeene eA eee ean 0. 0027 
Mepinrormihemamusratbhersecond Molar. cj. 2 ais - exsist ole Se Seen tye eas) aeuctes -cre 0. O104 
TROT Eile incisor) MLETO POSLELIOL Eee re ha eee ee oe ee en: 0040 

GRADS VCLSO trey ae, sree = neh ape oistabe tenes-1a/= im Sets afew ee 0. 0027 


GENERA INCERTZ SEDIS. 
PHENACODUS, Cope. 


Phenacodus, Cope, Paleontological Bulletin, No. 17, p. 3, 1873; Report Vert. Foss. 
New Mexico, U.S Geog. Survs. W. of 100th M., 1874, p. 10; Id., Ann. Re- 
port U.S. Geog. Survs. W. of 100th M., 1874, p. 122. 


A genus of Mammals whose affinities it is not yet possible to state 
with certainty, first discovered by myself in the Wasatch beds of Bear 
River, Wyoming, was found not uncommonly in the corresponding horizon 
in New Mexico. 

There are three molars in each jaw, and the specimens include two 
premolars, which form a continuous series, as in Achenodon. There are 
four principal tubercles on the inferior molars, and-sometimes a third small 
one between the posterior pair, always present on the last one, which is, how- 
ever, not largely developed. The first inferior premolar presents a broad 
heel, a double median tubercle, and an anterior tubercle (in P. primevus). 
The crowns of the superior molars are low and broad, and support numerous 
tubercles; these are low and vary in number, but there are two near the 
external border which are quite constant. They have general resemblances 
to those of Hogs, Bears, and Monkeys. The first true molar is broader 
than long, and there are no diastemata between it and the premolars, or 
between the latter, which are irregularly quadricuspid and tricuspid respect- 
ively. The forms of these teeth are entirely different from those of the 


corresponding teeth in Elotheriwm. 
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The dentition of the anterior parts of the jaws of the species referred 
by me to Phenacodus is unknown, but the premolar and molar teeth are 
similar in character to those of the genus Palgochwrus of the French 
Eocene. The well-marked external crescents are, however, characteristic, 
and the details of structure of the molars so closely resemble those of 
Opisthotomus and Tomitherium that I entertain a suspicion that this genus is 
allied to them. If so, it includes the largest of the primitive Eocene 
Mesodonta, the P. primevus equaling the Orang in the size of its jaws. 
There are abundant specific peculiarities distinguishing the French and 
American species, the upper molars of the latter resembling in a greater 
degree the genus Charopotamus. 


Phenacodus primzevus, Cope. 
Plate -xlvy, figs. 1-5. 


Cope, Paleontological Bulletin, No. 17, 1875, p. 3; Report Vert. Foss. New Mexico, 
U.S. Geog. Survs. W. of 100th M., 1874, p.10; Id., Ann. Report U.S. Geog. 
Survs. W. of 100th M., 1874, p. 122. 

This species was first recognized by the writer in a posterior inferior 
molar of a Mammal of about the size of a Peccary, of unknown affinities, 
which was named P. primevus. Specimens of the same species, embracing 
the dentition of both jaws, having been procured in the Eocene of New 
Mexico, I have been able to add to the characters of the genus. The 
remains certainly referable to it include only fragments of jaws with denti- 
tion of six individuals, the most perfect embracing five superior and four 
inferior molars, all found embedded in the rock in immediate juxtaposition. 
A detailed description of this specimen is given below. 

The penultimate superior premolar, viewed from below, exhibits the 
outline of a right-angled triangle, with the short base anterior, and directed 
at aright angle to the exterior side. The outer portion of the crown consists 
of a rather low compressed cusp, marking the posterior third of the length. 
The edge which connects it with the anterior base, is interrupted at its 
middle by a low tubercle. The inner part of the crown is produced into a 
stout, prominent cusp, which is opposite to the anterior outer tubercle just 
described, and is separated from it by a wide longitudinal valley. There 


are no other tubercles, and no basal cingula, except a trace at the posterior 
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exterior base. The narrowing of the posterior part of the crown of this 
tooth is a peculiar feature, reversing the proportions frequently seen in teeth 
in the same position. It corresponds in this respect with the last inferior 
premolar, and was found in place as described. 

The last premolar is subround in the outline of the base of the crown. 
My notes, taken at the time of discovery, state that it supported four tuber- 
cles. A fragment has been lost from the anterior part of the crown, so that 
a tubercle may be missing; but the remaining and principal part of the 
crown now supports four tubercles of unequal sizes. There is, on the outer 
side, a prominent one over the posterior root, and a much smaller and lower 
one in front of it. On the inner part of the crown, there is a stout and 
prominent tubercle, opposite the notch between the two external ones, and 
separated from the latter by a deep longitudinal valley. At the posterior 
part of this valley, near the very convex posterior border of the crown, is 
a low tubercle. There is a trace of a cingulum on the external base of the 
crown, and a cingular tubercle at the posterior low tubercle just described. 

The first true molar differs in its form from the second and _ third, 
which nearly resemble each other. The crowns of the latter consist of two 
external and two internal low, conic tubercles, which stand considerably 
within the base on both sides. A lower tubercle stands between each pair 
of the anterior, exterior, and posterior sides, but none between the interior. 
The crown of the first molar is considerably broader than long, and sup- 
ports five low, conic tubercles. One of these is on the posterior external 
angle; one is within the inner extremity; two are on the anterior border, 
and one on the posterior border of the crown. Besides these, there is a 
strong cingulum round the inner extremity of the crown, which rises almost 
as high as the inner tubercle described. There is a tubercular cingulum 
along the posterior border, and one round the base of the outer anterior 
tubercle, but none on the external base of the crown. 

Besides the characters already assigned to the last two molars, it may 
be added that they possess a basal ledge all round, which is in some places 
weak; in others, especially at the posterior outer angle, quite prominent. 
The enamel of all the molars is, where not worn by mastication, slightly 
wrinkled. 
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Measurements of superior molars. 


M. 
eneth of the last: five, molars’ sje. ore cma ieee ere 0. 064 
Length of the penultimate premolar . . a.<<: #22282 H2--7-- 5+ -------- eee: 0, 012 
Width of the ‘same: 2. fn. fees poe shee ee aerate le ae eee 0. O10 
Height ‘ofithe same. 8.2. - cine cere eee eee eee ee LS 
Length: of the last premolar.e-= 4 5-5. -5s-e ee eee ee ee eee 0. 018 
Width: ofitheisame:. .. c2n.o- he. pee eee ee ee eee Jee sens a Oe eleke secon 0. 013 
Length ofthe first troeimolans= pees see ee ee eee eee 0, O11 
Whidithr of: the\same a... ec ane See eee pipe aaa ae eee : 0. 016 
Heishit: of the|same serve = soeeieta senna sore Had’ Moen cate nae | Sonne 0. 007 
Length: of-the lastitrue molanzee sa s=eee ee = ete eae eee 0. 015 
Wridthy of thes Sam 6 acs ierescrcies cde stores stat atees ohele ta rafetateatetavetie ats = = oder aie area eeeele 0. 015 
Height ofithe:sameyns 2-0 | oe ieee eee jhe Webs. sGdeo nsec cust 0. 006 


The posterior inferior molar of the same side is wide in front, and reg- 
ularly oval in posterior outline, and has two equal anterior and three une- 
qual posterior tubercles. One of the posteriors is situated near the middle 
of the outer side, and is separated from the adjacent anterior by a deep 
groove. The corresponding inner tubercle is more posterior; anterior 
tubercles low, trihedral, and connected by a shelf-like cingulum across the 
front of the tooth; rudimental cingula on outer side of crown. The penulti- 
mate molar has three tubercles on the posterior border; and a deep fissure, 
corresponding to that of the last molar, separates one of them from the 
anterior tubercle. In all of the true molars, the posterior outer tubercle is 
connected with the anterior inner by a low oblique ridge, which forms the 
external border of a shallow basin-like concavity of the crown. The ante- - 
rior inner tubercle is stouter than the anterior outer, especially in the first 
and second true molars; in the latter, it has a posterior enlargement, which 
is, in the former, separated from the anterior part by a fissure-like groove. 
The last premolar is longitudinally oval at the base, the anterior extremity 
the narrower. The crown supports two median tubercles, the outer the 
more elevated and anterior. There is an angular basal tuberosity in front, 
and a posterior heel-like portion. The external angle of this part is broken 
away, but it probably supported a tubercle, as an oblique ridge extends 
from its position inward and forward. No internat posterior tubercle. 

The portion of the mandibular ramus preserved presents nothing 
remarkable. It is stout and convex on the external face. The coronoid 
process rises rather abruptly-a short distance behind the last molar, and the 
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inferior border of the jaw does not rise noticeably below the masseteric 


fossa. 
Measurements of mandible and teeth. 


; M. 
Length of the last four molars.........---..-.------++--- EL der Secererer tc eee 0. 0575 
Length of the last premolar.....-......--.--..-- Bese bono Ser. CHa IS 0. 0135 
VVC bho Letheysame crt cis\las sacle Se i</<- SEA At eee ered eA ae -:-- 0.0085 
Height of the crown of the last premolar ....-.--...-...---+---- 2-22-20 ee- 0. 0080 
ene huromibe pengllmatemmoOlaty 2. cln2-ac- -< fe. feces (icleiciceies Sain <= ee 0. 0140 
NVC DMEOMERGISAMO® senesced etic =) (sie cic srstelncels. 5; wes queso ier ee eee ONO 15 
eatin OF TATE? a: Aooede etc ceeds sone eaeepoeo cen aaoaces5 opeooe 0, 0140 
Vario Gi ihe GANT $5 6 og Cocbomn 35.5 scdenes DABS aesror ose sos  ooleneDosoDpS 0. 0100 
Heirchtiotthe crownot the lastimolar. 2-2 ose.) cle mis seis yom ininta eiejn iain a'n 0. 0070 
Depth of the ramus at the second true molar ..--....---..----. -.---+-+---- 0. 0310 
TUNG RNESSIOEIMYDIEEING 35 2606 Gan boeboeacecoes Sonu ee Mpa aa sanicr oe DaoeiGnoc 0. 0170 


Portions of both mandibular rami of another animal present some addi- 
tional features. One of them contains the last three molars, which are more 
worn than those of the specimen previously described. The section of the 
tubercles given by the attrition is characteristic. Those of the internal 
and posterior ones are subcircular; those of the outer are subcrescentiec, the 
anterior angle being produced forward and inward. The ramus is relatively 
shallower than in the specimen above described, as can be seen by the 
measurements appended. This is thought to be due to the fact that the jaw 
of the latter has been somewhat crushed by pressure on its sides, so that the 
measurement of depth exceeds the normal. 


Measurements. M. 
ihenethvot the true molarste- e-em ai alae = se ieiele 2 icles os === 6 Me sete ietaclers 0. 040 
Length of the penultimate molar. ....-..... BOS CERO UR AIOOS a aanoeiohocne 0. 013 
Wid thom pnensam ema eee echt aie ciste ssic.c ceacicey s sistelcls leis a\evere-e,6 wie etwinie 0, 012 
Depth of the ramus at the penultimate molar -... .. SEnean POS Osteo s nooo - 0.023 
Thickness of the ramus at the penultimate molar .....-..... Raw Ns epataucterneicisl« 0. 017 


The measurements of a third individual are as follows: 


Measurements. M. 
Length of the last molar.......... Be eee ee ee eR or aes ees 0.015 
: ETP ul) 9h ype Reno tae Hno Sena Baer Somued so pa TOS o.da6 CIO Bere sOoe 0. O1L 
quien \ betweeneowo Posterior tubercles essa cet icecksei-iee ei isteleieesicjelsere/ = <1 0. 005 
Mlevatiom otthe;anterior, CUSptrOmmDASO). == = ong emer cisie wee! Seles. ofcis: o/ele aic 0.008 
Width of the penultimate molar behind....... 2. 1.5... 22-2 cee we eee ene 0. 010 


The jaws and teeth of this species represent an animal of the average 
size of the White-lipped Peccary Dicotyles labiatus. 
12GR 
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Phenacodus omnivorus, Cope. 
Plate xlv, fig. 6. 


Report Foss. Vert. New Mexico, U. S. Geog. Survs. W. of 100th- M., 1874, p. 11; Id., 
Ann. Report U. 8. Geog. Survs. W. of 100th M., 1874, p. 129, 

This quadruped is represented in the collections by a single superior 
molar tooth, which occupied either the last or penultimate position in the 
jaw. Besides being of much smaller size than the corresponding tooth in 
the Phenacodus primevus, it differs much in the composition of its parts. 
Thus, the anterior outer tubercle is obsolete, and the anterior inner is a part 
of the cingular development. The posterior inner is relatively twice as 
large as in P. primevus, where it equals the anterior inner. The interme- 
diate tubercles (except the external), and the cingulum, are more largely 
developed than in the larger species. 

Superior molar with low and broad tubercular crown, with outline of 
base parallelogrammiec, with the external end oblique; the oblique end with 
two principal low tubercles, which form the extremities of two series of 
similar ones, some of which arise from the strong cingulum which forms part 
of the summit of the crown. Crown without cingulum on the outer side 
only ; elsewhere very strong and crenate, at the inner anterior angle rising 
into a stout, low tubercle. The largest tubercle is near this, on the inner 
anterior summit of the crown, and is connected with the larger or anterior 
outer by a low, broad tubercle. A smaller one intervenes between the cin- 
gular nercle e and the smaller external. The outer tubercles low and broad,. 
a smaller one opposite the internal between them in the position of a cingu- 
lum. Enamel coarsely rugose. 


Measurements. 
M. 
Transverse diameter ............. puererets Negpesrereie¥etee Seems neve ap aetets sacese 0. O14 
Longitudinal diameter.......... spears oeeioee eGbeiee Spt rane sear Seuwets 7 Ox0LO 
Distance between the apices of the i inner and outer tubercles ..-...-.--. Soesoe Wh UD 
Blevation of the cingulum... 4.12 hee eee ene ee eee nee nOnees feeieee 04004 
Elevation of the outer cusp ....... SP usaepods SLAB EO OOS OMS ODODE OaaGecdodocas . 0.005 


The tooth described is about the size of the posterior inferior molar of 
the Black Bear (Ursus americanus). 


AMBLYPODA. 179 


Phenacodus sulcatus, Cope. 
Plate xlv, fig. 7. 


Report Vert. Foss. New Mexico, U. S. Geog. Survs. W. of 100th M., 1874, p. i; Id., 
Ann. Report U. 8. Geog. Survs. W. of 100th M., 1874, p. 123. 


Represented especially by the molar tooth corresponding to that above 
described, under the head of P. omnivorus, in good preservation. It is a 
species considerably less than half the size of the one just named, and _pre- 
sents several important differences of structure. Of the two outer tubercles, 
one is very small, and there is a third adjacent to the larger, produced by 
the posterior enlargement of the cingulum. As in P. omnivorus, the cingu- 
lum extends entirely round the remainder of the crown, and is tubercular 
on the anterior side, or that of the least outer tubercle. The inner tubercle 
is connected with the larger outer by an intermediate one of elongate form, 
so that the series when worn down resembles the transverse ridge of the 
superior molar of Hyracotherium, and which is separated by a groove from 


the cingular ridge on each side. 


Measurements. 
M. 
IUD OSEISG) GIBTIE) Pano Goee coed se SE Cb oS HoOBSu GAP oMarosudaetc Rue aS 0. 008 
Hone UN AleGiaMmetery samc eee es fcc cose sistas eelele Ciel a ate ‘alates. 0 aisle 0. G06 
Distance between the apices of the inner and the outer tubercles ....-. -.---. 0. 004 
Hlevationsopmthe:cinoulumisee riers setae sesteteey cistatee ciAcessie inte sisi efesicvs scalaie 0. 002 
Bilewa tl Ongoimone OULCrACUSDaeresscioe el rocteitets ia ot resue oni tens tare aisieraintri=inieic 0. 003 


Size similar to that of the corresponding tooth of a Coatz. 
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Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, 
p. 28. : 

Mammalia with small (?smooth) cerebral hemispheres, which leave the 
olfactory lobes and the cerebellum exposed. The feet short and plantigrade, 
with numerous (in the known genera five) digits, terminating in flat hoof- 
bearing ungual phalanges. The seven bones of the carpus distinct; the 
unciform articulating with the lunar as well as with the cuneiform. The 
astragalus flat, withcut trochlear surface, and attached to the tibia with little 
freedom of movement; its distal extremity divided into two facets, one for 


the navicular, and more or less of the other for the cuboid bone. Molars 
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invested with enamel, with wide crowns and transverse crests. A post- 
glenoid process. 

The above characteristics are the only ones which can, in the author’s 
estimation, be admitted into the ordinal category, for although the animals 
embraced in the Amblypoda present many other peculiarities, they are such 
as may readily vary within the limits of an order, and in fact do so in the 
families of many of the orders known to us. The above definition displays 
a double set of affinities, viz: those indicated by the structure of the feet, 
and those expressed by the type of the brain. The former exhibit the 
closest resemblance to the feet of the Proboscidia, the approach being 
greatest in the hind foot. The principal difference in this extremity is seen 
in the extension of the navicular articulation over the entire distal end of 
the astragalus in the Proboscidia, while in the Amblypoda, the navicular is 
shortened, thus permitting the cuboid to come in contact with the external 
part of the distal extremity of the astragalus. The cuboid is alike in the 
two orders, having considerable transverse extent, and supporting the 
external two metacarpals on its distal face. This lengthening of the 
navicular is a specialty of the Proboscidia among hoofed Mammals, the 
shorter form being characteristic of the lower types of both Perissodactyla 
and Artiodactyla, where the astragalus has two distal articulations. In the 
Perissodactyla, the extent of the navicular increases until the highest genus, 
the Horse, is reached, where it almost covers the entire end of the astraga- 
lus; but, in the Artiodactyla, the extension of the cuboid over the astragalus 
does not diminish. ‘The nearest approach to the distal articulation of the 
astragalus of the Amblypoda, outside of the order, is seen in the Miocene 
Perissodactyle genus Symborodon. Here the cuboid and navicular facets 
are flat, and separated by an oblique line, so as to be similarly incapable 
of hinge-like movement. The resemblance to the lowest Artiodactyla (e. g., 
Oreodon, Hippopotamus) is very remote, for there the two facets are parallel, 
offering a ginglymus to the articulating bones. 

The difference between the fore foot of the Amblypoda and that of the 
Proboscidia consists in the alternating position of the elements of the two 
carpal rows. This is also a character of the two other living orders of 
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hoofed Mammals, and maintains itself with great persistency in both of 
them. It is essentially a primitive character, the alternating position being 
usual in the cold-blooded Vertebrata, and is the persistence of the oblique 
relation of the original divergent branching rays, to which digits have been 
traced.: In the Proboscidia and Hyracoidea, the elements of the two rows 
assume an opposite and longitudinal relation. The structure of the fore 
foot in the Amblypoda appears to be about equally related to that of the 
Proboscidia, the Perissodactyla, and the Artiodactyla. 

In the cubito-carpal articulation, the resemblance is again to the 
Proboscidia in the relatively large proportion of it belonging to the ulna, 
and the consequent lateral position of the latter bone. In this respect, it 
differs much more from the other two living orders of hoofed Mammals, 
although here again the lower forms of both resemble the Amb/lypoda more 
than do the higher forms. As is well known, both of the hoofed orders 
display a constantly diminishing extent of the ulno-carpal articulation, and 
increase of the radio-carpal, until, in the Horse and Ox, the ulna becomes 
a mere splint attached to the radius. 

The relationships indicated by the brain are to the lissencephalous 
orders Chiroptera, Insectivora, and Edentata. As an wngulate order, the 
Amblypoda are distinguished from the first two, were other characters 
wanting. We may here notice, however, some curious resemblances 
between the forms of the teeth and lower jaw of Coryphodon and some 
Tnsectivora, and the still more curious resemblance between the tibio-tarsal 
articulation in the order and that of. the cotemporary Creodont allies of 
the Insectivora. Comparison with the ungulate forms of Mdentata only is 
necessary, and from these the enamel sheathing of the teeth separates the 
Amblypoda at once. The small size of the brain doubtless relates these 
animals to the other Eocene Ungulata, described by Lartet, still more 
nearly than to existing Lissencephala. In the small size and smoothness of 
the hemispheres, and relatively large development of the optic and olfactory 
lobes, the brain of the Amblypoda more nearly resembles that of the 
Creodonta than that of any division of recent animals. The resemblance 
between the brains of Amblypoda and those of the Carnivorous Oxrye2na 


and Arctocyon (fide Gervais), is so great as to testify to a similar degree of 
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cerebral development in both the clawed and hoofed types of Kocene 
Mammalia. ; 

As a résumé of the relations of the Amblypoda, it may be said that 
they are the most generalized order of hoofed Mammalia, being interme- 
diate, in the structure of their limbs and feet, between the Proboscidia, the 
Perissodactyla, and the Artiodactyla. This fact, together with the small size 
of the brain, places them in antecedent relation to the latter, in a systematic 
sense, connecting them with the lower Mammalia with small and smooth 
brains, still in existence; and, in a phylogenetic sense, since they preceded 
the other orders in time, they stand in the relation of ancestors. It is 
doubtless true that the Amblypoda were the ancestors of all living Ungu- 
lates, although no genus of the latter can yet be traced to any known 
genus of the former, such genera remaining for future discovery.* Standing 
in this antecedent relation, comparison with other classes of Vertebrata is 
in place. The proportionate size of the brain is, as has been discovered by 
Marsh in the Dinocerata, more like that characteristic of many Reptiles than 
of Mammals, and I may add that the immovable tibio-tarsal articulation is 
a Reptilian feature as well. These are, however, but hints of a relationship 
doubtless very remote. 

Before proceeding to a more detailed consideration of the genera of 
this order, I give the distinguishing characteristics of the two suborders 


into which they naturally fall : 


I. A third trochanter of the femur, and fossa for the round ligament; no 


alispbenoid canal; superior incisors present...---..--.- we we» Pantodonta. 
Il. No third trochanter nor fossa for the round ligament; an alisphenoid 
canals. NO; SUPELTiIONINCISOLS Yasue eter oe tere siete eich eee .---Dinocerata. 


The differences presented by these suborders are thus very decided, 
but they agree in some important points, not necessarily of ordinal value. 
Thus the foramen ovale is distinct from the foramen lacerum anterius, and 
the meatus auditorius is not closed inferiorly. In the first point, they agree 


with Symborodon and Rhinocerus more than with any Proboscidia or Artio- 


* A discussion of these and other general relations of the Amblypoda may be 
found in a paper read by me before the American Association for the Advancement of 
Science, August, 1875, and published in the Penn Monthly Magazine, December, 1875. 
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dactyla. In the latter respect, they agree with the Tapirs, but not with other 
Ungulates, excepting a few Rhinoceride. The cervical vertebre are short, 
and not united by ball-and-socket joint, and are intermediate in character 
between those of Proboscidia and other Ungulates. In both suborders, the 
scapula is acuminate at its superior border and expanded behind, as in 
Proboscidia, while the abrupt origin of its spine is a character of Proboscidia, 
Artiodactyla, and many other Mammals, but not of Perissodactyla. In the 
rudimental spine and erest of the tibia, we have again especially Probos- 
cidian resemblances, which are confirmed by the shape of the ilium. This 
bone expands immediately from the acetabulum into a broad plate, which 
has a continuous convex crest, and is altogether different from the pedun- 
culate ilium of the Rhinoceros and Hippopotamus. © 

As regards the points in which the suborders differ, it may be observed 
that the Pantodonta in their dentition and femur resemble the Perissodactyla 
more than do the Dinocerata, while the absence of alisphenoid canal in 
Coryphodon is a suilline character, and the only one which I find in the 
group. In the form of the femur, the Dinocerata resemble closely the 
Proboscidia, but in the presence of the alisphenoid canal they agree with 
both Perissodactyla and Proboscidia. It is not unlikely that, in future, genera 
will be found which connect both these orders more nearly with primitive 
types of Artiodactyla, but as yet we are not acquainted with them. 

The order Amblypoda was first defined by the writer in the Systematic 
Catalogue of the Vertebrata of the Eocene of New Mexico, published 
in April, 1875. The two suborders Pantodonta and Dinocerata were originally 
defined by the writer in “The Short-footed Ungulata of Wyoming”, 
published March, 1873, in the following language: 


‘No incisors; nasal bones elongate; astragalus articulating with both 
navicular and cuboid ;:no third trochauter......-......... 2220-5 Dinocerata. 
“Dentition complete, 7. ¢., incisors present; ? nasal bones; astragalus 
articulating with both navicular and cuboid; a rudimental third ~ 
GrOCHANLED M5 ona as Sets eke Set a ae eee ani ona eee Pantodonta.” 


The name Dénocerata was then proposed as a correction of ‘“Dinocerea,” 
originally introduced by Professor Marsh* for the animals which it includes, 


* Amer. Jour. Sci. and Arts, 1872, October, 1872 (separata September 27). 
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under the belief that it constituted a distinct order of Mammalia, which, 
however, he did not characterize. Shortly afterward (January, 1873*), I 
gave the first general synopsis of the characters of the species of the group 
then contained in my collection, in which they resemble the Proboscidia, as 
follows: ‘‘1. The shortness of the free portion of the nasal bones; 2. The 
malar bone is rod-like, and forms the middle element of the zygomatic arch; 
3. The cervical vertebree are exceedingly short and transverse; 4. The femur 
is without third trochanter; 5. Its condyles are contracted, and the narrow 
intercondylar fissure is prolonged far forward; 6. The spine of the tibia 
is wanting, and the glenoid cavities separated by a longitudinal keel; 
7. The astragalus is not hourglass-shaped above, but with a uniform face; 
$. The phalanges are short and stout, and represent several toes.” To 
these may be added two external characters, which directly result from the 
osteological, viz: 9. The possession of a proboscis; this is proven by the 
extreme shortness and stoutness of the free portion of the nasal bones, by 
the very short cervical vertebrae, and by the fact that the nasal and pre- 
maxillary bones are deeply excavated at their extremities, with surrounding 
osseous eminences for the origin of the muscles of the trunk; 10. The 
extension of the femur below the body, so that the leg was extended with 
the knee below and free from the body, as in Elephants, Monkeys, and 
Men. Other characters common to the Proboscidia and some other Ungulates 
are: 11. The scapula acuminate above the spine with a very short coracoid; 
12. Broad truncate occiput, with widely separated temporal fossee; 13. The 
greatly expanded iliac bones.” 

These characters were adduced in support of the view that these 
animals should be referred to the Proboscidia. Although I have subse- 
quently referred them to a new and special order, the above characters 
express the affinities which I claimed for the group, although several of 
them are found not to be common to all the species. Thus the characters 
of the malar bone and cervical vertebrae are not common to all of the 
Dinocerata, while these, with the characters of the femur,.are not found in 
the Pantodonta. It was not, however, until a few weeks afterward that I 


* The extra copies of this paper, which contained all except the eharacter num- 
ber “1”, were published January 16, 
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discovered the near aftinity between these suborders. As regards the 
possession of a proboscis, there is every reason to believe that some of the 
species possessed one, though it may have been short as in the Tapir, while 
it is possible that in others it was wanting, or not more developed than in 
the Hog. 

The first attempt to define the Dinocerata as an order of Mammalia 
was made by Prof. O. C. Marsh, of New Haven, in a paper published some 
time subsequently* to my essay quoted above. The characters which he 
brought forward, and which had mostly already appeared in the descriptions 
of species published by him and by myself, are the following: “1. The 
absence of upper incisors; 2. The presence of canines; 3. The presence 
of horns; 4. The absence of large air-cavities if the skull; 5. The malar 
bone forms the anterior portion of the zygomatic arch; 6. The presence of 
large postglenoid processes; 7. The large perforated lachrymal forming 
the anterior portion of the orbit; 8. The small and horizontal nareal orifice; 
9. The greatly elongated nasal bones; 10. The premaxillaries do not meet 
the frontals; 11. The lateral and posterior cranial crests; 12. The very 
small molar teeth and their vertical replacement; 13. The small lower jaw; 
14. The articulation of the astragalus with the navicular and cuboid bones; 
15. The absence of a true proboscis.” 

This heterogeneous list of characters could not define any natural group, 
as many of them are of not more than generic or family value.t Several of 
the most important are not shared by the genus Coryphodon, a form at. that 
time apparently unknown to Professor Marsh, but which clearly belongs to 
the same order of Mammalia. My conclusion has been that the Dinocerata 
do not alone constitute an order of Mammalia, but that they form a division 
of an order which includes also Coryphodon, and doubtless many other 
little or unknown types, whose position is, as I first stated, between the 
Proboscidia and the Perissodactyla, but which has no affinities with the Ar- 
tiodactyla, as has been asserted. 

Full descriptions of the species and genera of this order first appeared 
in my essay, ‘‘On the Short-footed Ungulata of Wyoming”, above quoted 


* The extra copies of this paper bear date January 28, 1873. 
+ As I pointed ont in an article in the American Naturalist, May, 1873. 
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(published March 14, 1873). I there described the existence of five toes 
in the pes of the genus Lobasilews, and the co-ordinal relations of Corypho- 
don (Bathmodon). In a note published by Professor Marsh, October, 1873, 
that author asserts that the Dinocerata have ‘“‘ but four toes in the pes”; but 
in a paper on Uintatherium (Dinoceras), which has recently appeared, he 
admits that that genus has five toes in the pes (Am. Jour. Sci. and Arts, Feb., 
1876). We owe to later observations of Professor Marsh two of the most 
important points in the structure of the Dinocerata, viz, the superficial 
structure of the brain, and the arrangement of the bones of the carpus. 
He shows (l. ¢., July, 1874, and February, 1876) that the cerebral hemi- 
spheres are so small as not to cover any part of the olfactory lobes and the 
cerebellum; and that their combined diameter was less than that of some 
parts of the neural canal of the vertebral column. ‘This information is, 
however, accompanied by serious errors of determination. (See on the 
brain of Coryphodon, below.) The brain is relatively one of the smallest 
among known Mammalia, and resembles strongly that of the Creodont 
Arctocyon of the French Eocene, figured by Professor Gervais, in the 
“Archives du Muséum”, 1870. I show in another place that the brain of 
Coryphodon presents similar characters, and discuss their significance further 
on in reviewing the characters of the Eocene fauna. 

The structure of the carpus of Uintatherium, described by Marsh (Z. ¢, 
February, 1876), is essentially identical with that of Coryphodon, which I 
described in the Systematic Catalogue of the Vertebrata of the Eocene of 
New Mexico (April, 1875). 

The Pantodonta are confined, so far as discoveries extend at present, to 
the Lower Eocene or Wasatch beds, in the Rocky Mountain region, while 
the Dinocerata are confined to the higher or Bridger Eocene strata. The 
former suborder includes two genera, Coryphodon, Owen, and Metalophodon, 
Cope; the Dinocerata also two, Uintatherium, Leidy, and Loxolophodon, 
Cope. 
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CORYPHODON, Owen. 


Coryphodon, Owen, History British Fossil Mammals, 1846, p. 299, figs. 103, 104.—Bronn, 
Lethza Geognostica, 1856, p. 842,—Hébert, Annales des Sciences Naturelles, 
1856, p. 87, plates. 

Bathmodon, Cope, Proceed. Amer. Philos. Soc. 1872, Feb. 16, 1872; Ann. Rept. U.S. 
Geol. Survs. Terrs. 1872, p. 586 (1873); System. Cat. Vert. Eocene New Mex- 
ico, U. S. Geog. Survs. W. of 100th M., 1875, p. 24. 

The remains of this genus have been preserved in greater abundance 
in the Wasatch beds of New Mexico than in any other known region of 
the world, so that a good opportunity is offered for an elucidation of the 
structure of its skeleton. The bones obtained include all parts of the skel- 
eton and skull. 

Cranium and dentition —The skull is moderately elongate, the elongation 
being behind the orbits, since the muzzle is rather short. The free part of the 
nasal bones is short and narrow, and the bones are not co-ossified. The 
premaxillary region is expanded, so as to extend beyond the nares. The 
latter are thus directed obliquely upward. The face is greatly contracted 
immediately behind the canine teeth. The superciliary borders are not prom- 
inent, but immediately behind the orbits the superior margin of the tem- 
poral fossa expands and becomes an overhanging roof to its posterior border, 
which is beyond the vertical plane of the occipital condyles. The borders 
of opposite sides unite in a deep notch on the middle line above, and over- 
hang the concave supraoccipital region. The zygomatic arch is considera- 
bly expanded laterally. The foramen infraorbitale is rather large, and issues 
not far in front of the orbit, and in the same horizontal line. The lachrymal 
canal passes through the inferior edge of the lachrymal bone just within 
the border of the orbit. | 

There is no postorbital process either of the frontal or malar bone. In 
adult animals, the sutures of the superior wall of the cranium are entirely 
obliterated, excepting in the anterior part of the nasal bones. 

The premaczillaries are not codssified on the middle line, but are in 
contact. They send a slender process backward from the inner apex, inclos- 
ing the foramen incisivum on the inner side, whether completely or not is 
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uncertain. The palate is rather narrow, and of moderate length; it is 
notched posteriorly by the posterior nares only a little anterior to the line 
of the posterior borders of the molar teeth. The palatine bone has a small 
antero-posteriorextent. Its processus pyramidalis, withthe pterygoid processes 
of the sphenoid, forms an elongate undivided lamina lateralis of the posterior 
nares, which presents an angle downward, from which the posterior border 
rises to the axis of the skull near the transverse line of the glenoid cavities. 
The foramen ovale perforates the base of a short descending process. ‘The 
foramen lacerum is not large, and a small truncate styloid process is con- 
cealed on the side of the small petrous bone. The basioccipital is nearly flat 
on the median line below. The postglenoid processes are well developed. 
The paramastoid and mastoid processes are fused into a single descending 
mass of moderate length. The meatus auditorius externus is not inclosed 
below. 

The form of the mandible is peculiar. The angle is not inflected, and 
is elevated above the usual position in consequence of an upward curvature 
of the inferior border of the ramus, commencing below the last molar tooth. 
The condyle is large, and has considerable transverse extent, and its articu- 
lar surface is presented as much upward as backward. 'The coronoid pro- 
cess is elevated and stout; the rami are slender for the general robustness 
of the skeleton, and the symphysis is rather long and co-ossified. The form 
of the ramus is not a little like that of many Insectivora. 

The brain-cavity is remarkable for its very small size as compared 
with that of the skull. In the antero-posterior direction, the cerebral 
hemispheres did not extend anterior to the glenoid surfaces, while in the 
American Tapir they reach as far as the posterior border of the last superior 
molar tooth. The olfactory cavities are much longer in the Coryphodon, 
but do not extend to the line of the last superior molar tooth. In vertical 
diameter, the brain-cavity is less than half that of the portion of the skull 
in which it is situated, a large space above it being occupied by pneumatic 
chambers, which perhaps represent the diploé of thinner-walled skulls. 
The external walls of these spaces are only moderately thick. There are 
two principal lateral cavities, which are separated by a thin antero-posterior 
septum. They widen posteriorly, and each is divided by partial septa, 
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which extend inward from the cranial walls, as follows: one horizontal, 
from the supra-occipital wall; two transverse and vertical, descending from 


the superior wall, the posterior of which nearly reaches the brain-cavity. 


sege15) ae 
The dental formula is 3 7 4 3: The incisors are not closely packed; 


the canines are of very large size, and are separated by a short diastema 
from the uninterrupted series of molars. ‘The crowns of the incisors of both 
jaws are simple and spatuliform, somewhat expanded transversely at the 
base. The canines of the opposing series differ in form, Those of the 
upper jaw have the section of the crown triangular, in some species more, 
in others less, compressed, but with the shorter line (7. e., narrower side) 
anterior. ‘They become much worn on the anterior face by friction with the 
posterior face of the inferior canine, assuming a convex worn surface, which 
may become wider than the other faces. There is a considerable range of 
variation in the size of the canines of both jaws, especially in those of the 
inferior series, which I suspect to be due to difference of sex. 

The premolars in both jaws differ much from the true molars. In the 
superior series they consist of an external and an internal V, the former so 
oblique in the transverse direction that its apex stands above the middle of 
the base of the crown, or still farther interiorly. The limbs of the inner V 
rise from the position of anterior and posterior basal cingula to the cusp at 
the apex, which stands at the interior extremity of the crown. The true 
molars differ in the presence of two external V’s, and in the greater devel- 
opment of the anterior limb of the inner V. The apex of the latter stands 
as a trihedral antero-internal cusp, and the antero-external ridge extends 
from it to the outer side of the crown, where it turns obliquely downward. 
It forms a broad table-like ledge, as the anterior half of the surface of the 
crown. The two external V’s are of very unequal size: on the first molar, 
the anterior is flat and angular, and not more than one-quarter as large as the 
posterior ; while on the second it is a small cone at the anterior base of the 
posterior V. The third true molar differs materially from the others in having 
the posterior external angle of the base of the crown brought round to the 
middle of the posterior side. The result is that the two V’s become a trans- 
verse crest parallel with the elevated ridge connecting the inner cusp with the 
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anterior external angle. The tooth, therefore, presents two nearly parallel 
transverse crests, separated by a deep valley, which is represented on the 
two preceding molars by the anterior ledge. The posterior limb of the 
posterior V has disappeared, the anterior edge of the two V’s being only 
represented in the posterior crest. In the species with which I am acquainted, 
there is, in addition, a strong anterior basal cingulum on the true molars. 

The inferior true molars present us with two cross-crests, which are 
oblique to the direct axes of the crown, because they connect cusps which 
alternate in position. No oblique crest connects the alternating cusps across 
the valley thus created, although a rudiment of it appears; but a correspond- 
ing crest at the anterior extremity of the crown forms a V with the anterior 
cross-crest It, however, descends rapidly to the inner side, where it termi- 
nates at the base of the crown. There is no fifth lobe of the last molar, 
but frequently a cingulum-like heel. The premolars differ from the true 
molars in the absence of the posterior cross-crest, and the development of 
the anterior descending crest so as to be equal to the anterior cross-crest, 
thus forming a V with its back inward and apex outward, like the V of the 
superior premolars, but reversed in position: The base of the crown is con- 
tinued a short distance behind the V, and bears a low longitudinal median 
crest, which represents the rudimental ridge which connects the cross-crests 
in the true molars. 

The milk dentition is almost completely preserved in a right maxillary 
bone, which I discovered among a large number of other bones, including 
teeth of adult and young Coryphodons, and which I described in the Appen- 
dix FF, Annual Report of the Chief of Engineers, 1874, p.597. The crown 
of the first premolar is injured, but its base has the form of that of the second, 
and it is probable that it had the construction of the latter. The crown of 
the second premolar is, like that of the adult, composed of one external and 
one internal V, but wider in the antero-posterior direction, so that the limbs 
spread more than in the adult. There is an external vertical ridge at the 
posterior part of the posterior limb of the V, which gives a small angle in 
the grinding-surface on attrition. The third molar is totally unlike the sec- 
ond, or the corresponding tooth of the permanent dentition. While it pre- 
sents a single internal angular cusp, with angles extending anteriorly and 
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posteriorly round the crown, forming an open V, the external part of the 
crown consists of two V’s, as in Pale@otheriwn, Paleosyops, etc. These V’s 
are equal in size, and a small vertical ridge, which divides them, is evidently 
homologous with the little ridge just described as existing near the posterior 
outer angle of the second molar. This tooth was in functional use at the 
time of the death of the animal. Immediately behind it, the surface of the 
maxillary bone is penetrated by the crown of the first true molar of the 
functional series. This presents the characters above ascribed to it in the 
adult, leaving no doubt of the systematic position of the animal, and the 
true relations of the teeth. 

The homologies of the different parts of the teeth are much elucidated by 
this specimen. It proves that the posterior principal, and anterior supple- 
mental V’s of the external portion of the crown of the superior permanent 
molars really represent the two external V’s of the ordinary Perissodactyle 
dentition, and that the external V of the first and second temporary molars 
represent the anterior V of the two found in the third temporary molar. 
A consideration of the permanent molars shows that the posterior crest of 
the last true molar is homologous with the two external V’s of the first and 
second; the external cusp of the former, which is sometimes separated by 
a cleft from the remaining portion, representing the rudimental anterior V 
of the latter. On comparing the premolars with the molars, the resemblance 
between the large posterior V of the true molars to the single V of the 
premolars is very apparent, but it is questionable whether this resemblance 
is a true homology. It is true that a small angle may be sometimes noticed 
at the anterior base of the V, which might be said to represent the anterior 
V of the true molars; but the homology indicated by the temporary pre- 
molars is unmistakable, and may apply to the permanent premolars as well. 

A comparison of these teeth with those of other Amblypoda, and with 
those of Perissodactyla, throws light on questions of affinity, since they are 
structurally somewhat intermediate between the latter and Loxolophodon 
and its allies. Among American Perissodactyla, an approach is seen in the 
genus Paleosyops, the structure of which furnishes an explanation of the 
relations between the structure of the superior molars of this and the 


Paleotheriodont types. From this comparison it appears that in Coryphodon 
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there are no cross-crests representative of those of Hyrachyus and Rhinocerus, 
the strong anterior crest which appears to be such being homologous with 
the anterior basal cingulum of Hyrachyus and Paleosyops. The last milk 
molar of Coryphodon resembles the’fourth premolar of Palgosyops, and there 
can be no doubt of the homology of the single inner cusp of this tooth in 
the two genera. In Palgosyops, this represents the anterior cusp of the true 
molars where two are present, so that the same relation can be claimed for 
the same cusp in Coryphodon. As I have heretofore shown,* the crowns of 
the molars in Loxolophodon support two transverse crests, which unite or 
approach at their interior extremities, forming a V, near to the apex of which, 
posterior to it in the last true molar, is a tubercle. The anterior transverse 
crest appears to be homologous with that in the molars of Coryphodon, but 
the posterior cannot be homologized with the posterior transverse crest of 
the last molar of that genus, since the tubercle found in Loxolophodon behind 
this crest must be compared with that part in Coryphodon, or with the 
posterior inner tubercle of Limnohyus. It is thus probable that the posterior 
transverse crests in Loxolophodon must be compared with one of the two 
transverse crests in the Tapiroid genera and Dinotherium. The homologies 
of the inferior molars of Coryphodon are simple, as they resemble nearly 
the corresponding teeth in Hyrachyus, with an approach in the anterior V to 
Paleosyops. 

Vertebre, ribs, and sternum.—The least satisfactory part of the descrip- 
tion of the skeleton is that relating to the vertebral column. The number 
of dorsal, lumbar, and sacral vertebree remains unknown, and of the caudal 
vertebree it can only be said that they were rather numerous, indicating a 
tail of medium proportions. 

The cervical vertebrae resemble those of the Carnivora more than those 
of living Perissodactyla, but resemble most those of Eobasileus. The centra 
are short and wide, and usually depressed, and do not display the ball-and- 
socket articulation, nor are they absolutely flat, as in Elephantide. They 
are slightly concave behind and convex before, as in the Carnivora gen- 
erally. The vertebral canal is present, including the axis. In the atlas, it 
pierces the transverse process on the superior surface close to the posterior 

: * Paleontological Bulletin, No. 7, August. 1872. 
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base, and issues near the middle of the inferior face. It does not return 
through the transverse process, as in the Tapir, but the latter is not 
expanded anteriorly, as in that animal. The foramen atlantis, by which the 
vertebral artery enters the foramen magnum, is well isolated by the osseous 
border, as in many other Mammals. The axis is distinguished for the length 
of its odontoid process, which is without groove superiorly. 

The lumbar vertebre exhibit the same depressed and moderately 
opisthoccelous centra, presented by the cervieals. They are longer than the 
latter, but not longer than wide, and are not keeled beneath, but are pierced 
with foramina. The neural canal is large. The anterior zygapophyses pre- 
sent their faces inward above and upward at the base, having a concave 
surface. The caudal vertebree are characterized by the presence of two 
transverse processes, one obtuse, at the anterior articular face, the other 
flat, at the middle of the length. The terminal vertebre are slender. There 
are no surfaces for chevron-bones, but angles corresponding to them. 

The ribs are flattened, and have the usual capitular and tubercular 
faces. The heemapophyses are ossified. The sternal segments differ in 
form in the different species, being more cylindric in some than in others. 
I have deseribed* a manubrium as having a somewhat T-shaped form, with 
subcylindric body, in Coryphodon radians. Some loose segments in the 
New Mexican collection are longer than wide, but flattened, while others 
are plate-like and subquadrate. The last are supposed to belong to the 
Coryphodon latidens. 

Scapular arch and anterior limb.—The scapula, in its general form, is more 
like that of the Proboscidians than any other order. Its superior border is 
produced into an angle beyond and in the line of the spine. The spine 
rises abruptly from the neck. All the New Mexican specimens have the | 
coracoid broken off, but in some of those obtained by Dr. Hayden on Bear 
River, Wyoming, it is preserved.t I have described it as consisting of a 
prominent hook, which originates a little outside of the edge of the glenoid 
cavity, and incloses a groove between itself and a tuberosity on the edge of 
the latter. Ihave observed clavicles in a fragmentary skeleton described 


* Ann. Rept. U.S. Geol. Surv. Terr., 1872, p. 586. 
t Described in Ann. Rept. U. S. Geol. Surv. Terr., 1872, p. 586. 
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under the head of Coryphodon, of uncertain species No. III. They have 
slender, slightly curved, and compressed shafts, with clavate extremities, 
which are truncate at the ends. 

The humerus is a stouter bone than the femur. The head is particu- 
larly large, and the greater tuberosity is large and hook-like, bounding a 
deep groove with the lesser tuberosity. The deltoid crest is prominent, and 
extends beyond the middle of the shaft, and terminates in a twist forward. 
The condyles have the usual anterior direction, and their surface is simply 
hourglass-shaped, without the carina or rib seen in Tapirus, Hyracodon, 
Hyrachyus, etc., showing its affinity to Loxolophodon. It resembles the latter, 
and differs from the former in the large size of its lateral tuberosities, which 
give the humerus a great distal width, approaching the corresponding bone 
in the Creodonta in this respect. The ulna and radius are entirely distinct, 
including their distal extremities. The ulna has a much larger share in the 
carpal articulation than in the Perissodactyla, and is in the same transverse 
plane as the radius at that point. As compared with the diameter of its 
shaft, the carpal extremity of the radius is narrowed. This relation is 
appropriate to the small size of the scaphoid and large size, especially the 
width, of the cuneiform, in the carpus. The proximal part of the ulna is 
compressed below, and the distal end depressed so as to be transverse, but 
it is not so expanded as in Uintatherium. The head of the radius is a trans- 
verse oval, with the articular face a gentle sigmoid in horizontal section. 
The articulation with the ulna is not interlocking, but nearly level. 

Anterior foot—Several anterior feet of Coryphodonts were procured, 
three of them nearly entire. These display well their extraordinary form 
in the shortness as compared with the width, in which they resemble those 
of the Elephants more than any other animals. ‘There are five digits,* as I 
first pointed out, of which the second, third, and fourth do not differ much 
in length; the length of the third, with the carpus, being in one specimen 
equal to the width of the palm. The fifth digit is a little shorter than the 
fourth, while the first is the shortest. 

The scaphoides is the most irregularly shaped of the carpals. It con- 


sists of an anterior intercalated portion and a posterior tuberosity, which is 


* See System. Cat. Vert. Eocene N. Mex., U.S. Survs. W. of 100th M., 1875, p. 24. 
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the smaller of the two parts, and gives the antero-posterior as the greatest 
dimension. Viewed from the front, four articular facets are visible, one 
superior for the radius, one external for the lunar, and two inferior for the 
trapezoides and trapezium. The radial surface is the largest, but is smaller 
than those of the trapezium and trapezoides together; it is decurved ante- 
riorly, leaving but a narrow external front surface, which is continued 
without widening along the entire internal (free) side. The lunar and 
trapezoid facets unite in front at an acute angle, but behind this angle they 
separate, leaving a triangular facet for the magnum. The facets for the 
trapezium and trapezoides are subequal, and related by an open angle. 
I fail to make an exact fit between these facets and the proximal ends of 
the two bones in question, which give three instead of two facets. I have 
therefore thought that a small bone present at this point in one of the 
unseparated carpi might be an os intermedium. My desire to retain the 
bones of this carpus in the relation in which I found them prevents me 
from settling this point. The small size of the bone in question is appro- 
priate to the small interval unfilled by the scaphoid. The scaphoid is the 
smallest of the carpals of the proximal row, and presents the smallest facet 
for the bones of the forearm. 

The lunar is a robust bone, its antero-posterior diameter somewhat 
greater than the transverse. Viewed from above, its form is that of a 
spherical equilateral triangle with rounded angles. Its anterior two-thirds 
above are occupied by the convex facet for the fore leg; its lower surface 
presents four longitudinal facets; the two lateral fox the scaphoid and cunei- 
form subvertical. The median two apply to the unciform and magnum 
respectively. The anterior face is longer (longitudinally) than that of the 
scaphoid. The cuneiform is subtriangular and flat, and with a greater 
length than any other carpal (except the unciform), directed outward and 
backward. Having this oblique position, only a part of one of its long 
sides is presented anteriorly, and the articular face of the ulna extends 
obliquely across it. Behind the latter, the surface is beveled, forming a long 
subtransverse facet for the pisiform. The inferior face is convex obliquely, 
the convexity extending from the inner anterior to the external posterior 


angle. The distal end is narrowed and truncated, with a thick convex 
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border. The pisiform is an L-shaped bone, the transverse limb proximal, 
and bearing the long facet for the cuneiform. The long limb equals the 
transverse, and has a neck and oblique tuberous head. 

Of the second row of carpal bones, the unciform is much the largest, 
the magnum is next in size, the trapezium next, and the trapezoides the 
smallest. But, of the exposed anterior surfaces, the magnum displays the 
smallest, and the others in the order named. The unciform is suberescentice 
in vertical section, and its transverse exceeds its antero-posterior diameter. 
It presents two superior facets, one interior terminal, and three inferior. 
Of the two superior, the inner is antero-posterior, being narrower than the 
other and elevated above it; it is applied to the lunar. The other superior 
facet is the largest in the carpus, is transverse and strongly concave. The 
three inferior facets apply to the external metacarpals, the inner to a portion 
only of the third, and is therefore narrower than the others. The median is 
largest, and the external is oblique. The magnum has very little transverse 
diameter, but the antero-posterior and vertical are considerable, and in some 
of the species subequal. It has but one superior facet, that for the lunar, 
and one of nearly the same width inferiorly, for the internal part of the 
third metacarpal. Alongside of this is a narrower facet, partly lateral, for a 
small part of the second metacarpal. The inferior posterior tuberosity of 
the magnum does not extend much beyond the inferior articular face, while 
a superior posterior tuberosity occupies a corresponding concavity of the 
lunar. From this, the superior facet descends steeply to the anterior face. 
The trapezoides is the smallest bone of the carpus. Its anterior face is a 
vertical wide rhomboid, and is rather shorter than the antero-posterior 
diameter. Each side is a facet, but the supero-exterior and intero-inferior 
angles are obtuse, while the opposite ones are acute. The proximal facet 
is narrower than the distal. The trapezoides is larger, and would present 
a quadrate anterior face but for the presence of two proximal facets, the 
internal narrower than the external. The external presents a median fossa; 
the distal face is truncate; the internal (free) face presents the usual rough 
surface. 

The lengths of the metacarpals have been already stated. The 
proximal ends present faces which are a little convex antero-posteriorly. 
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The second anda third are distinguished by the possession of two proximal 
or carpal facets each, while the first, fourth, and fifth have but one each, 
and the first is peculiar in being squarely truncate. The shafts are wide, 
and the distal articulations transverse, excepting a feeble carina on the 
under side. The phalanges are short; all except the first of the pollex wider 
than long. Those of the second place are very narrow, being mere trans- 
verse, openly angulate bands. The ungual phalanges are short, and 
expanded transversely by the horizontal production of the lateral distal 
angles. 

The inferior surfaces of the digits are defended by numerous sesamoid 
bones, which are of subcrescentic section. They rest in pairs, one of them 
on each side of the distal extremity of the metacarpals and metatarsals. 

Pelvic arch and hind limb.—The ilium is characterized by the width of 
its peduncle and the expanse of its plates. The crest has the regular con- 
vexity and the length seen in Lozxolophodon and the Proboscidia. The 
anterior border is acute, and is convex at the anterior inferior spine. The 
ischium is wide and flattened to the base; its posterior border is convex, 
with superior tuberous surface. The pubis is rather narrow. 

The femur has the shaft flattened in the species known to me, and the 
border of the great trochanter is but little reflected backward. In the 
American species, the third trochanter is very small; in the European 
species, figured by Hébert, it is larger. The trochlear patellar surface is 
moderately elevated, one bounding ridge a little more so than the other, but 
the condyles are not compressed, and the intercondylar fossa is of usual 
width. The tibia is not so much shortened as in Loxo’ophodon, but resem- 
bles it in the rudimental spine and low obtuse crest. The shaft becomes 
subcylindric toward the distal extremity, and then expands transversely to 
the astragalar articular face. This is, as already described, of remarkable 
character. It is transverse and flat, without either groove or keel; the 
posterior border is slightly oblique, rising to the outer side. The malleolus 
projects beyond it, and its inner convex face supports a continuation of the 
articular surface, which is applied to a concavity of the imner side of the 
astragalus. As the mechanical result of this arrangement, there was 


no flexion and extension of the foot on the leg; but it is possible that there 
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‘as a small amount of rotation, the inner malleolus being the fixed point. 
The fibula is entirely distinct, and has an oblique proximal surface of attach- 
ment to the tibia. The shaft is rather slender, and the distal end is expanded 
in an antero-posterior direction, so as to support a large, subround, oblique, 
inward-looking face for the astragalus. 

Posterior foot-—The posterior foot has, like the anterior, five toes, of which 
the second, third, and fourth do not differ much in length, while the hallux is 
about two-thirds as long asthe third. The general form of the only complete 
hind foot which I obtained, is not so’short in relation to its width as the fore 
feet, the width of the sole being but little greater than the length of the four 
bones of the third toe. The foot is completely plantigrade, and the heel 
very short. The free part of the caleaneum is not longer than the anterior 
width, and is depressed at the base. The astragalus is flat above, or slightly 
concave in both directions. Its anterior part has greater transverse extension 
than the posterior, being produced inward in a hook-like extension. The 
inner border is thus obliquely concave for the reception of the inner malleo- 
lus; the external border is gently convex, and occupied by a longitudinal 
facet for the fibula. There is a posterior tuberosity at the angle with the 
inner border. © The distal end of the astragalus is divided by a low tuber- 
osity; but while the internal and longer portion is entirely occupied by the 
navicular facet, the external half is only partly covered by an articular sur- 
face. Of the latter, the inner and larger part is for the ectocuneiform bone, 
while the outer is in contact with the cuboid. This articulation of the ecto- 
cuneiform with the astragalus is found in several and probably all of the 
species here described, and is one of the striking peculiarities of the foot of 
Coryphodon. 

The cuboid bone is transverse, and has greater length internally than 
externally. Its two proximal facets present an angle to each other, while 
the two distal facets are in one plane. The navicular is an L-shaped bone, 
with the anterior limb transverse, and is very thin in the longitudinal direc- 
tion. The posterior end of the longitudinal and exterior limb is a tuberosity. 
The distal extremity is divided into the three cuneiform facets, of which the 
median is largest. The ectocuneiform is the largest of its series. The pha- 


langes are similar to those of the fore foot, but the metatarsals differ in that 
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their proximal extremities present but a single facet, except a very small 
one at the exterior border of the second, which joins the ectocuneiform. 

Brain —I1 succeeded in obtaining a complete cast of the brain-cavity 
of the Coryphodon elephantopus. ‘The hard sandstone matrix which filled it 
was removed with some difficulty, the more as its surfaces were indurated 
by a cement containing much iron oxide. The osseous walls were found 
in a good state of preservation. It was ascertained that there is a consid- 
erable foramen lacerum posterius, but which is not nearly of such propor- 
tionate size as that in the genus Tapirus. 

The form of the brain is very remarkable. Its distinguishing pecu- 
liarities are (1) the small size of the cerebellum; (2) the large size of the 
region of the corpora quadrigemina; (3) the small size of the hemispheres; 
(4) the enormous size of the olfactory lobes. 

There is in the cast a strong constriction in front of the medulla oblongata 
on one side, which does not exist on the other side. It is uncertain which 
represents the true form as regards the lateral portion; but that there was a 
step-like constriction across the base of the brain at this point there is no 
doubt. The medulla is very stout, and wider than the hemispheres; it is 
depressed, and a protuberance on the inferior part of each side has the 
appearance of the base of the eighth pair of nerves. The region of the 
cerebellum is depressed, and does not present in the cast a distinct line 
of demarkation from the medulla. An indication of the vermis is seen. in 
a low, longitudinal, median protuberance. In front of this, a transverse, 
shallow depression separates it from the middle brain. 

The region of the corpora quadrigemina is the most bulky portion of 
the brain. Superiorly it presents a large transverse tuberosity, with the 
lateral portions well defined, but not distinguished from the cast of the 
hemispheres on the median line. From its latero-superior prominences, it 
extends downward and forward on each side, expanding laterally, and nar- 
rowing as it approaches the inferior surface. Each lateral portion is sepa- 
rated from the hemisphere by a deep fissure, into which a prominent crest 
of the lateral cranial walls projects. This crest commences above, nearly 
at the plane of the superior wall, and curves downward and forward to 


below the middle of the cavity which contained the hemispheres. The 
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inferior face of the middle region of the brain is bounded laterally by the 
projecting masses above described, posteriorly by the constriction in 
front of the medulla, and anteriorly by a slight contraction marking the 
boundary of the hemispheres. Its anterior lateral angles are continued 
into a fossa of the cranium, which I did not clear of the matrix, but which 
doubtless gives exit to the foramina sphenoérbitale and rotundum. The pro- 
tuberance which occupies this fossa, then, includes the base of the trige- 
minus nerve. <A short distance posterior to this position, on the inferior 
side of the lateral expansion of the middle brain, is the slight projection 
which covers the united cavities of the foramen ovale and the foramen lacerum 
posterius. Between these, on the middle line, is a longitudinal elevation 
divided by a median longitudinal depression. Posteriorly, it rises from 
the transverse constriction of the medulla; anteriorly, it terminates rather 
abruptly, the one half at a point anterior to the other. This asymmetry 
is found in the osseous basis cranii, and is not due to accident. This 
median ridge is separated by a wide shallow concavity from the lateral 
border on each side. A short distance anterior to each foramen sphenodrbitale 
is a small fossa which I have not explored, but which is the opening of the 
Soramen opticum. They are of small size, indicating a corresponding char- 
acter for the optic nerve. 

The cerebral hemispheres are relatively and absolutely very small, their 
median long diameter being one-fifteenth the total length of the skull, ora 
little smaller than those of the Utntatherium mirabile according to the figures 
and description of Marsh. They are together about as wide as deep 
posteriorly, but both diameters diminish rapidly forward, the vertical the 
most rapidly. The profile slopés downward and forward to the base of the 
broad olfactory peduncles. There are no conyolutions, nor any decided 
indication of the Sylvian fissure,* but there are surface-casts of the small 
arteries that ramified in the dura mater. Owing to the prominence forward 
of the inferior part of the middle brain, but a small part of the inferior 
surface of the hemispheres is visible. The olfactory lobes are the largest 


* Professor Marsh (Amer. Journ. Sci. Arts, 1876, p. 166) states that both convo- 
lutions and a Sylvian fissure are present in Uintatherium. These assertions are not 
justified by bis figures, nor by the probably similar brain of Coryphodon. 
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known among Mammalia, and greatly exceed those of Uintatherium as 
described by Marsh, and even those of Oxyena. Their peduncle is trans- 
versely oval in section, and is directed horizontally forward for a distance 
about half as great as the length of the hemispheres without change of form. 
The mass then expands laterally and superiorly, rising upward on each side 
of an osseous septum, which does not divide the olfactory lobes to the 
inferior face. They are thus deeply grooved above, and finally become 
fureate near to the extremity. Posterior to this point, the inferior face rises, 
and the apices project laterally and forward from the superior part of the 
lobe. The olfactory lobes consist, then, of a massive peduncle supporting 
a grooved subconical enlargement, which is bifureate at the apex.* 

Since the internal walls of the skull show the foramina for the exits of 
the cranial nerves, we have a sufficient basis for the determination of the 
parts of the brain. In this attempt, we are met by the difficulties which 
are inherent in the use of a cast to represent a brain. Although the fora- 
mina sphenodrbitale and rotundun can be readily fixed, their position is such 
as to give the point of exit of the nervus trigeminus an unusually inferior 
position. This appears to be the case to a still greater extent in the Uinta- 
therium,t+ where the lateral descending masses are at the same time not nearly 
so largely developed as in Coryphodon. 'The large inferior area inclosed 
between these boundaries is, then, homologous with the pons varolii, or that 
part of the encephalon which is covered by it. Its appearance in Uinta- 
therium supports this identification, but its proportions and anterior position 
in Coryphodon depart more widely from the usual form. The two anterior 
submedian ridges of its surface faintly indicated in Uintatheriwm, are 
probably the homologues of the pronounced median ribs in Coryphodon, 
which resemble a continuation of the anterior pyramids of the medulla 
oblongata. As they are not very distinctly marked in the medulla of 
Coryphodon, their identification may be uncertain, but they look like that 
portion of the anterior pyramids which is continuous with the crura cerebri, 
and which are concealed in Mammalia by the pons varolit. Their promi- 


nence in Coryphodon indicates that the pons is wanting in this genus, as in 


* Measurements of this brain are given in the article on Coryphodon elephantopus. 
tSee Amer. Journ, Sci. Arts, 1876, plate iv, p. 165. 
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the Reptilia. A shallow concavity of the sphenoid bone between the origins 
of the trigemini indicates the position of a pituitary body, or hypophysis. 

In profile, the brain closely resembles in form that of a Lizard, e. g., an 
Amiva, excepting that in the latter the cerebellum is more prominent. The 
extension downward and forward of the middle brain, with its projection 
below the hemispheres, is common to both; but the inferior portions, at 
least, do not appear to be homologous in the two. In the Coryphodon, the 
lateral projections correspond with the exits of the trigeminus from the 
skull; in the Amiva, this part terminates in the optic tracts. The superior 
portions of the middle brain correspond in appearance and relative size 
with that of the Amiva. but a plain difficulty in identifying them in the 
two types is derived from the difference in their inferior connections. One 
result of the examination is assured, viz, that this region is no part of the 
cerebral hemispheres, and that it is entirely uncovered by them. As it is 
not the cerebellum, it stands in the position of the corpora quadrigemina, or 
perhaps of the posterior pairmore especially. As the homologies of this region 
in the vertebrate brain are not yet determined, further attempts to identify 
this part of it in the Amblypoda must be postponed for the present. The 
structure is in any event entirely different from that seen in any recent 
Mammalia, or in any Mammal of a period more modern than the Eocene 
period, and one that not only entitles these animals to a position in a peculiar 
order, but also in a special division of the class, equivalent to those based 
by Professor Owen on the modifications of the structure of the brain. The 
homologies of the olfactory lobes are simple; but their extent and form 
resemble nothing known among Mammals, even far exceeding in size those 
of Uintatherium. On the other hand, they resemble those of Reptiles, 
especially of the Lizards, but are less deeply bifurcate anteriorly than in them. 
In the Coryphodon elephantopus, they equal in length the middle brain and 
hemispheres together, and their bulb equals the hemispheres in transverse 
and vertical diameter. 

The nearest approach to the form of the brain in the Amblypoda is seen 
in that of the Arctocyon primevus, a Creodont which represented the Car- 
nivora in the same Lower Eocene fauna, and was actually associated with 


Coryphodon in France. his brain is described and figured by Professor 
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Gervais (Nouv. Archives du Muséum, vi, 1870, p. 150, plate 6, fig. 4), who 
notices the remarkable exposure of the middle brain, or corpora quadrigemina. 
Among Mammalia of later ages, some of the extinct South American Hdentata 
present the greatest resemblances, although slight ones. Among these may 
be noticed the small and transverse cerebellum, and especially the lateral 
expansion of the region anterior to it. To what portion of the brain this 
expansion belongs, is not stated, but it is not unlike the lateral mass in 
Coryphodon, as e. g.in the Eutatus seguinii,* Gervais. There is, however, 
nothing exposed on the superior surface which appears to be the middle 
brain; hence the difference from the brain of the Amblypoda is very con- 
siderable. 

Restoration.—The general appearance of the Coryphodons, as determined 
by the skeleton, probably resembled the Bears more than any living ani- 
mals, with the important exception that in their feet they were much like 
the Elephant. To the general proportions of the Bears must be added a 
tail of medium length. Whether they were covered with hair or not is, 
of course, uncertain: of their nearest living allies, the Elephants, some were 
hairy, and others naked. The top of the head was doubtless naked poste- 
riorly, and in old animals may have been only covered by a thin epidermis, 
as in the Crocodiles, thus presenting a rough, impenetrable front to antago- 
nists. ; 

The movements of the Coryphodons, doubtless, resembled those of the 
Elephant in its shuffling and ambling gait, and may have been even more 
awkward, from the inflexibility of the ankle. But, in compensation for the 
probable lack of speed, these animals were most formidably armed with 
tusks. These weapons, particularly those of the upper jaw, are more robust 
than those of the Carnivora, and generally more elongate, and attrition pre- 
served rather than diminished their acuteness. The size of the species 
varied from that of a Tapir to that of an Ox. 

There is no evidence that these animals possessed a proboscis, as was 
probably the case with some of the Dinocerata. ; 

We must suppose that the Coryphodons were vegetable feeders, but not 


* Figured in the important memoir of Gervais’s, already quoted, Nouv. Arch du 
Mus., 1869, v, p. 42. 
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restricted to any particular class of food. They were doubtless, to a large 
extent, like the Hogs, omnivorous. 

History.—The first piece recognized as belonging to a distinct genus, 
under the name of Coryphodon, was described by Professor Owen in 1846, 
This was a fragment of the mandible, supporting the last inferior molar. In 
describing it, Owen noticed the peculiar form of the posterior part of the 
ramus. He also referred to some superior molars, one of which is figured by 
Cuvier (Ossemens Fossiles, pl. 77, fig. 6) as probably belonging to the same 
genus. These were alluded to by the French anatomist as the Lophiodon de 
Soissons and the Lophiodon de Lyonnais. Owen named the species observed 
by him Coryphodon eocenus, and it is believed that the teeth described by 
Cuvier belong to another species, to which DeBlainville gave the name 
Coryphodon anthracoideus. Little, however, was known of this form until ten 
years later, when Professor Hébert, of Paris, obtained some additional 
material from Meudon near Paris, and other localities. In the Annales des 
Sciences Naturelles for 1856, he gave a full account of the characters of 
the dentition, and described the femur. He explained correctly the homol- 
ogies of the dental structure, and added a species, C owenii, which is of 
smaller size than the C. eocenus. 

The first American species was made known by the writer in Feb- 
ruary, 1872, under the name of Bathmodon radians, and the description was 
at that time confined to the superior molars, the femur, and the humerus. 
In February, 1873, in ‘The Short-footed Ungulata of the Eocene of 
Wyoming”, I described the characters of the scapula and astragalus and 
its connections, which furnished reasons for removing the genus from the 
Perissodactyla and placing it in the Proboscidia, under a subordinal division, 
which was named the Pantodonta. The same course was pursued in 
the Annual Report of the United States Geological Survey of the Terri- 
tories for 1872 (1873), where a second American species, B. latipes, was 
added. ‘The next additions to our knowledge of the osteology of Coryphodon 
are due to the exploration of the Eocene beds of New Mexico, conducted 
by the writer, in 1874, in connection with the United States Geographical 
Surveys West of the 100th Meridian. On November 28, 1874, in 
extracts from the Report of the Chief of Engineers, published in advance, 
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TI gave the general characters of the skull, and of the hind foot, determin- 
ing the number of toes in the latter. The temporary dentition and three 
new species were also described. In some remarks before the Academy 
of Natural Sciences of Philadelphia, made March 9, 1875, I pointed out 
the near relation of these animals to the species of Coryphodon. In the 
“Systematic Catalogue of Vertebrata of the Eocene of Wyoming”, April, 
1875, the structure of the fore foot, including the number of digits, was 
pointed out, and the group Pantodonta removed, with the Dinocerata, to a 
new order, the Amblypoda; Coryphodon was referred to the Pantodonta, and 
two species were added. I announced the generic identity of the American 
and European forms in a communication before the Academy of Phila- 
delphia, made April, 1876 (published April 26), pointing out the subordinate 
characters of the respective types.* The present work completes the descrip- 
tion of the osteology, so far as accessible to me; and I may add that this 
is so far complete that there only remain unknown the number of the ribs 
and dorsal and lumbar vertebra, and the structure of the hyoid apparatus. 
Species.—Remains of more than one hundred and fifty individuals of 
this genus were procured by the expedition, and these indicate the existence 
of a number of species. Their characters may be observed in the teeth, 
the forms of the astragalus, calcaneum, and other bones. The precise 
definition of all of these species is a matter of some difficulty, as I have 
been compelled to rely chiefly on the mandibular teeth for the characters, 
owing to the more irregular occurrence of other elements; and the tubercles 
of the teeth are not always constant. The following key expresses the 
relations of these forms, most of which, perhaps all, are good species: 


I. Posterior inferior molars with an accessory cusp or tubercle on the 

inner side between the crests (Coryphodon, Owen): 
An internal conic cusp; posterior crest oblique; heel very 

Smalls sizesmMedium’s as Acer\ciectersie sae etek aes aerate C. cuspidatus. 
An internal crest; posterior crest oblique; heel small; size 

NGS eeneaRipRecwsun 6 cHoUuUoeCe ase saedon send Sepia C. obliquus. 
An internal tubercle; posterior crest little oblique; heel large ; 

Size larry seas thse Sos ass ee etree eee Ree C. lobatus. 


* A short time after this, O. C. Marsh asserted the identity of Coryphodon and 
Bathmodon in the Amer. Journ. Sci. and Arts. 
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Il. Posterior inferior molars without internal accessory tubercle 
(Bathmodon, Cope) : 


a. Posterior inferior molars with small or no heel: 
Large; inferior molars elongate; symphysis mandibuli pro- 


duced and narrowed; premaxillary elongate .......-....- C. radians. 
Medium ; inferior molars nearly as wide as long; premaxillary 
SHOLE Se ieecicten cle aseee cinsisebee cemeteries ae eantcingerat re eieteaiete C. latidens. 


aa. Posterior inferior molars with prominent or wide heel: 


Medium ; inferior molars elongate; symphysis mandibuli broad 

and short; premaxillary elongate; tusk tribedral.....-.. C. elephantopus. 
Smaller; premaxillary bone short; tusk trihedral....-....... C. simus. 
Medium; premaxillary elongate; tusk compressed and grooved. C. molestus. 


The C. eocenus, Owen, belongs to Section I, and the C. anthracoideus, 
Blv., and @. owenii, Héb., from France, belong to Section II. 

As compared with the synoptic table of species previously published 
(System. Cat. Eocene New Mexico, 1875, p 29), the present one differs in 
the change of position of the C. elephantopus, besides the addition of two 
species. Further investigation shows that some of the specimens without 
posterior heel of the lower molars, formerly referred to the C. elephantopus, 
belong to the C. radians, while the discovery of the corresponding teeth in 
the former shows that these teeth possess a distinct, though not large, heel. 

Of the above species, I obtained in New Mexico five individuals of 

6 radians, six of C.simus, four of C. molestus, and one each of the remaining 
species. But there are various other specimens, probably referrible to a 
number of these species, from which some of the parts necessary to absolute 
identification are wanting. Astragali of the subquadrate form, characteristic 
of the C. latipes, Cope, are not uncommon in the collections; but whether 
they belong to that species, or to one of those here described, is yet uncer- 
tain. 

The smallest of the American species, the C. simus, considerably 
exceeded in dimensions any of the existing Tapirs; while the largest species, 
the C. lobatus and C. radians, equaled in proportions the Indian Rhinoceros. 

Coryphodon cuspidatus, Cope. 
Plate xlvi, fig. 1. 


Bathmodon cuspidatus, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 30. 


Represented by a portion of a mandibular ramus, which supports the 
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last molar. The posterior transverse crest of this tooth is low, and sends a 
well-marked oblique ridge to the anterior crest. A cingulum projects from 
the posterior base of the crown, which is not prominent, and disappears at 
the base of the inner end of the transverse crest. Just external to and in 
front of this extremity, a prominent conic tubercle is directed upward and 
inward. ‘This process is not seen in any other of the numerous jaws and 
teeth in my possession. Between it and the anterior crest is a low rugose 
tuberosity, representing a cingulum. There is also a cingulum between the 
crests on the external side of the crown. The posterior transverse crest is 
quite oblique, its inner end falling behind the line of the internal cusp. The 
enamel, where not worn by attrition, is marked by linear rugosities. 


Measurements. 
. M. 
Miadthiofithepmolarsbehindte s-o.. 422-42, clos eee cecieee seeteiveiices see OROLS 
Elevation of the cusp from base of the crown...:..-..-...---.-...2-00. eee 0. 010 
Elevation of the posterior crest at the middle (half worn)..................- 0. 010 


The Coryphodon cuspidatus was about the size of the C simus. In its 
characters, it marks an extreme position in the genus, in its internal cusps 
and lateral cingula. Remote approximations to the former peculiarity are 
seen in the C. obliquus and C. lobatus, in the presence of a low crest or flat 
tubercle in the same situation. The C. lobatus differs especially in the | 
absence of lateral cingula, large heel, and much larger size, 


Coryphodon obliquus, Cope. 


Plate xIvii, figs. 1-7. 


This species is represented by the greater part of the left ramus of the 
mandible, and a portion of the right one, with the last two molars and a 
canine tooth. These pieces are of robust proportions, and present various 
specific characters. 

The mandibular ramus is of small vertical and of considerable trans- 
verse diameter. It is deepest below the last molar, the depth gradually 
diminishing anteriorly, and more rapidly posterior to that point, where the 
inferior border is concave upward. ‘This is quite different from the form of 
the ramus in C. radians, where the vertical diameter is greatest at the last 


premolar and least at the last true molar, and where the inferior border is 
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not so ineurved posteriorly. The external face of the ramus is convex, and 
the masseteric crest well developed; the inner face of the ramus is flat. 
The inferior molars are relatively wider than in any other species excepting 
the C. latidens, but the cusps, especially the anterior ones, are not so elevated 
as in that species. Both the crests are more oblique than in that species, 
and, indeed, more so than in any other of the genus. The posterior crest 
extends diagonally, so that the internal cusp overhangs the base of the 
crown, while the external extremity marks by its anterior border the middle 
of the length of the crown. A low cingulum or heel behind the latter gives 
the crown its oval outline, but the cingulum rises to the outer side of the 
inner cusp and disappears. As though in continuation of this ledge, a 
similar crest descends from the opposite or antero-internal side of the cusp, 
and disappears near the base of the anterior crest. From the width of the 
eroded surface of the anterior part of the tooth, the descending anterior 
cingulm is probably well developed. 

The penultimate molar has a very narrow cingulum, and the internal 
lateral crest is not visible in the section produced by mastication. The 
unworn enamel surfaces are plicate-rugose. The inferior molar, like that 
of the type-specimen of the C. radians, is relatively rather small, on which 
account I have supposed the individuals to be females. The inner side is 
flat, and the section of the remaining portion of the crown forms a segment 
of a circle. Where it joins the inner face anteriorly, there is an obtuse 
ala, as in B. radians; at the corresponding position posteriorly, it exhibits 
the transverse concavity due to the attrition of the superior canine. 


Measurements. M. 

Length of the:bases/of thestruemolarsie erect ate toc i iris eiseso eerie 0. 080 
Length of the base,of; the lastitracim olates seein leietoeiole teenie tete 0. 032 
Width of the base of the last true molar..............-........ BS Abos ODS -- 0.023 
Depth of-the ramus ‘at the}last premolars oc- oo. -tele teciieeeleeioleseeeieia ae ote ae 0. 049 
Width of the ramusiat thease premolarejecseee soos -eeer eee: eee eee 0. 02 

Depth of the ramus at the last true molar ........--..-. eivalnesatsisene seis sie else 0. 058 
Width of the-ramus‘at the lastat1neimolar -c2m-- sce csstosse eto ele 0. 031 
Width of the base of the coronoid processic---sen ee eeeis ee eee 0. 031 


antero posteriorly ..--.----- 0, 020 


Diameter of the base of the crown of the canine { transversely.......------+- 0.021 


The specimen described is the only one which I can refer to the 


species. 
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Coryphodon lobatus, Cope. 
Plate x1vi, figs. 2-10. 

This species rests on the remains of one individual, which I discovered 
together, and at a distance from those of any other animal. They consist 
of imperfect fragments of the cranium, with numerous more or less broken 
teeth, representing all positions in the jaws. These indicate the largest 
species of the genus. 

The characteristic last inferior molar offers certain distinctive features, 
which indicate that this animal cannot be referred to the C. radians. The 
posterior crest is low, especially on the inner side, where it is highest in 
C. radians, latidens, simus, ete., and rises from a broad, horizontal heel, or 
cingulum, which does not rise to the inner. extremity of the transverse crest. 
Anterior to the latter, a crest with angular profile, or compressed lobe, 
extends nearly to the base of the anterior transverse crest, and its external 
base supports rugosities which continue into the posterior cingulum. There 
is no cingulum on the external side of the crown. The anterior descending 
crest is well developed, the lower part being quite elevated. The basal 
portions of the crown exhibit a rather fine rugosity of the enamel. An 
inferior premolar has a quadrate outline, and presents neither external nor 
internal cingula, and a slight one in front. Its size is large. The canines are 
very thick, but the crowns are not so long as in specimens of C. elephantopus 
and C. latidens. The inferior canine has the flat inner side of considerable 
antero-posterior extent, with a small angular projection in front at its base. 
The remainder of the crown is convex in section, but the posterior face is 
deeply worn by the attrition of the corresponding tooth of the superior series. 

The inner portion of the last superior true molar exhibits the usual 
characters, and is without a continuous cingulum at the middle. The 
penultimate superior molar has a continuous cingulum at the internal 
border and one across the external base of the posterior external crest, 
both of which are wanting in B. elephantopus and B. simus. Of the parts 
homologous with the two external crescents in Perissodactyla, the pos- 
terior V is remarkable for its small size, while the anterior is an elevated 
cone, compressed, and quite distinct from the former. The anterior cingu- 
lum is strong, and has been worn by attrition with an inferior molar. The 

14 GR 
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fourth premolar is large in the transverse direction, and rather narrow. 
Its inner crescentic ridge is well developed, and the basal cingulum is 
strong, passing round the inner extremity. A second premolar is similar, 
excepting that the length is greater in relation to the width (transverse). 
The premolars are more rugose than the molars, and have an external basal 
cingular line of rugosities. The superior canines have huge roots and 
small crowns, of a subtriangular section. An incisor tooth is remarkable 
for its large size, and the transverse as compared with the vertical extent 
of its crown. The base of the crown exhibits a strong basal cingulum on 
the inner side, but none on the outer side. 

All of the teeth, and especially the canines, show by their attrition 
that the animal described is adult. 


Measurements. aa 

Length of the crown of the posterior superior molar. ..-.........-+-----.-+- 0. 038 
Width of the posterior crescent of the penultimate superior molar........-. 0. 014 | 
Elevation of the anterior cone of the penultimate superior molar from the 

baseof hevcro wy: scm icseicee eee Oe ene seloeke e eloncia siete e ie eeretereste aida cena ON ULS 
Length of the fourth superior premolar............22- sce eece-es Apons ppeoo ~ UR 
Widthiofithesamete 9. ces cae seas coe eee cic eateries ee alee eels 0. 035 
Width of the second superior premolar..............-...---- Ratare sieteiciei eos 0. 029 
Diameter of the root of the superior canine..........- stat sicis Sqouee zoe sissies Os 004 
Diameter of the base of the crown of the superior canine......-..-..-..-.- 0. 030 
Diameter of the erown of the incisor | sraneverse --sscos sess seuesias 002% 
Length of the crown of the last inferior molar ......-..-.....-...2---- ts see OS046 
Width of the crown of the last inferior molar ...............0..022--cencee 0. 030 
Hlevation of the inner posterior Cusp 222.2. = vc iotnleie sinew ceeicne pe cice is sere OOLD 
Klevation of the innerjanterior: Cusp ecc). «eles aieereisieineiia iets salersr= --- 0.025 
Width of the heel behind the posterior crest.....--...--..--.-++ e.--- oe 0. 0065 
Length of: aninferiorspremolare ¢/cce ee ae eine eee ee ne eee eerie 0. 022 
Width of the same.........-- seaaenclsn aeenctitaetrecloraats asics ales aor sratara sets 0. 022 

ne - GY 

Diameter of the base of the crown of the inferior canine { a sea ee ee a Fi ee 
Length of the crown of *theisameyee ses osg- oot erica ieee eerie 0. 053 


But one specimen of this species was found. The corresponding teeth 
of the six specimens of the C. radians from New Mexico and Wyoming 
which I have seen, differ uniformly from those of the C. lobatus in the very 
small heel of the inferior molars, the elevated cusps, absence of internal 
median tubercle, ete. 
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Coryphodon radians, Cope. 


Bathmodon radians, Cope, Proc. Amer. Philos. Society, 1872, p. 418 (Feb. 16); U.S. 
Geol. Surv. of Montana, 1871, p. 350; Ann. Report U. 8. Geol. Surv. of 
Wyoming, ete., 1872, p. 587 (1873). 

Of this large species, the remains are rather abundant in the Eocene 
beds of New Mexico. The best-preserved skeleton is that from Bear 
River, Wyoming, which served as the type of the original description. 
This wili be fully i!ustrated in the forthcoming volume IIT of the quarto 
reports of the United States Geological Survey of the Territories. Of the 
New Mexican specimens, the first includes fragments of the cranium, with 
teeth of all positions, in a separate condition. The second is similar in 
character, but lacks what the first includes—superior molars. The third 
includes a few of the teeth, superior and inferior molars, canine, and incis- 
ors, with many parts of the skeleton in a fragmentary condition. Two 
other specimens consist of a superior and inferior true molar and a superior 
true molar. 

The inferior molars present the common characters of very small 
posterior cingula and elevated cross-crests; the canines are not compressed, 
and the superior has a triangular section of the crown. The last superior 
molar has a narrower outline than that of C. elephantopus and other species; 
the length of the crown being less in proportion to the width. 

In the first specimen, it is to be observed that, in the last superior molar, 
the transverse crests are nearly parallel; the posterior divided as usual, the 
external portion of the crest being a flattened cone. A cingulum extends 
round the base of the crown, except externally; it is weak internally and 
posteriorly, and strong anteriorly. A ridge rises from the posterior base 
near the inner extremity, and passes obliquely upward to the interior 
extremity of the anterior crest. This ridge is wanting in the type-specimen 
of B. simus. The enamel is smooth. 'The crowns of the incisors are trans- 
versely expanded. The penultimate inferior molars of both sides and the 
anterior part of the last inferior molar of one side are preserved. The 
former are distinguished by the presence of only a rudiment of a heel, 
which is smaller than in the type-specimen from Wyoming. The cusps are 
elevated; there are no lateral cingula, and the enamel is entirely smooth. 
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The anterior descending crest is well developed. The enamel of the pre- 
molars of both jaws is smooth, and the same is true of the end of the crown 


of the canine, which is triangular and without grooves. 


Measurements. 
M. 
Length of the last superior molar...........-..- SEAS DA oohacyoonS GoDoLO asa 0, 031 
Widthof the sam es attests rete rata) coe rererenorele eon -betaters ee petererctone ae etoe eeieter 0. 039 
Widthiof-theilastiterionimolar searecrretccre cee a eee ee taeiee terre er 0, 026 
Width of the penultimate inferior molar. 2-27. oe Soo tose se eaeeeine steno e = 0. 026 
Length; of thevsame sa st scat cin ie reratacst seis ante aasaforey caiats sie ok rotete Pater etek 0, 038 
BHlevation of theanneriposteriom cCuspeecc-s ce- ae sees aoe ce este eta 0. 016 
Hlevation-of the nner anterlorceus pee arse cr steel = sci rale ole tier teletere teeter sinke 0. 025 
Length. of thesnteriorspremolar vac casce steers eee eee eaetes etree 0. 022 
Widthiof thetsam ee aes. eaycckere core seine ete Se hee eee cee ee ee reer re SeCere 0. 016 
Width of the:crown of anhincisores ==> ac-2-cccse 2 isis iene ena 0. 019 


The second specimen includes the last inferior molar, the penultimate 
molar, some premolars, and the superior canine without its apex; also a 
portion of the zygomatic arch. The teeth present typical characters, 
including the smoothness of the enamel. The posterior heel is rather 
better developed than in the first-mentioned specimen, resembling in this 
respect the typical specimen from Wyoming. It is a narrow ledge, which 
rises very steeply to the outer base of the inner tubercle, and then, in the 
last molar, sends off a short rugose continuation inward, which does not 
extend beyond the posterior face. The posterior outer angle of the V of 
the inferior premolars is quite protuberant. The base of the crown of the 
superior canine is a spherical triangle in section. The teeth indicate a large 


animal, 
Measurements. 
M. 

Length of ithe last inferior molars =-- esse ee a ees ceo eee eee renee eee 0. 039 
‘Width of ‘the'same@ eam actore Cee eee er ee eres se ereltscala apteine eke 0. 027 
Elevation of the inner anterior cusp of the same...................0--+5-+-- 0. 024 
Blevation of the inner posterior cusp of the same ..............-.-...-:.--- 0. 016 
Hlevation of ‘an inferior) premolar a--4-c1- ee ee ee eee ee ee 0. 021 
Length of: the same: .-> 35-22 ose So. US Soe Eel en eee einnee 0. 023 
‘Width:.of thé same, 2. ee eee cP eee ee Cer Ore Eee CRee ont aeere 0. 018 
Diameter of the base of the crown of the superior canine | eae us ee 

lesSetieee eae see 0. 025 


The zygomatic process of the malar bone is rather flat and not stout; 
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the inferior anterior tuberosity is not prominent. Depth at that point, 
0".045. This specimen, like the last, was adult. 

The remains of the third specimen were found strewn over a consider- 
able extent of a slope of the bad-lands, where the waters of erosion had 
scattered them either directly ‘or by the undermining of the bed in which 
they had lain. The little ravines, whose divergent courses mark the lines 
of drainage, abounded in the fragments, while a few yet remained project- 
ing along the crests of the dividing ridges. The marl has at this spot a red 
color, and all the bones partake of it. A more remarkable example of 
breakage I have seldom seen. The long bones were broken into short 
sections as though sliced with a knife, and many of the fragments were 
fractured as though in cleavage-planes. The pieces, collected in packages 
as they were found lying, form a considerable bulk; but I have not had 
the success I had anticipated in reuniting them. It is, however, evident 
that two animals are mingled in this mass; the largest of which I refer to 
the C. radians, referring to the teeth, which I found in close juxtaposition, 
as the representative portions. 

The teeth agree in technical characters very closely with those of the 
type, and the specimens above described, with one exception. The poste- 
rior cingulum, or heel, has the same reduced proportions and the crests the 
elevation. The anterior descending crest is strong, and there are no cin- 
gula; but, instead of the enamel being smooth, it is everywhere marked 
with delicate flame-like ridges. The animal is younger than those just 
described, but not more so than the type, the crests being worn, as in the 
latter, by attrition, which has just reached the dentine. A trace of the 
rugosity only exists in the type-specimen, so that it must be regarded as a 
strong individual peculiarity of the present animal. The inferior canine is 
a much larger weapon than that of the type, but not larger than that of a 
second specimen, also from Wyoming. The inner face is flat, and the 
remaining surface strongly convex. The antero-interior margin is produced 
into an aliform ridge; the postero-interior margin consists proximally of 
two angular ridges separated by a groove. This ridge is simple in the type 
of C. latidens. The crown is curved upward and a little outward. A supe- 
rior first molar resembles strongly one from the locality of the Wyoming 
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type, of uncertain reference. It differs in the absence of cingulum from 
the inner side of the base of the crown, which is strongly developed in the 
Wyoming specimen. The posterior V is narrow, and produced well inward, 
and a strong ridge passes within its inner base from the posterior cingulum 
to the anterior transverse crest. The anterior external crest is a small 
flattened cone, whose external face is half as wide as that of the posterior. 
Anterior cingulum strong. An incisor is large, and has the form of those 
of the type. Its crown is higher than wide and without basal cingula. 


Measurements. 


Width of the posterior molar (inferior) 
Length of the penultimate molar.....-..-... .-----.--.---- Sniciosie aistee eeereers 0. 037 


Width’ ofthe’ same: oc ccecstetess race lave hs eins serere ee Soke a eTIeNoe ie Cu ere 0. 026 

: : : : antero-posterior... ... Ble elers joerc Oeneteciercieisee 0. 030 
Diameter of the inferior canine eNO wees xi ee Sen, See 0. 028 

: a {iantero-posterloreccaasseneeeeeeret 0. 032 
Diameter of the first upper true molar ERITISVCIRG en eee 0.032 
Transverse extent of its posterior external crest......-... 02-2 .2eeee ces ees 0. 020 
Antero-posterior extent of its posterior external crest...........-......---0- 0. O11 
Height of thercrownof the incisor... ser sece ae einer ie eee Savenieeiac cele 0. 026 
Width ofthe:crown ofsthe:incisons-ccee see cis ce eee tee ee eter 0. 022 


This animal I suppose to be a male. 
The other individuals of Coryphodon radians do not exhibit any charac- 
ters not already mentioned in preceding descriptions. 


Coryphodon latidens, Cope. 


Bathmodon latidens, Cope, System. Cat. Vert. Eocene New Mexico, U. S. Geog. Survs. 
W. of 100th M., 1875, p. 29. 


Represented by both mandibular rami with dentition‘nearly complete, 
by the left premaxillary bone with its teeth, and by a right superior canine. 
These portions belong to a species of about the size of the B. elephantopus, 
but one of a shorter and more robust form of skull. It differs in the same 
way from B. radians, besides being of distinctly smaller size. 

The rami are stout, especially below the last molars, and not shallow 
anteriorly. Posteriorly, below the last molar, the inferior border retreats 
upward, so that the angle of the jaw is opposite to the superior fourth 
of the vertical diameter of the ramus at the middle. The inferior border 
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of the angle is slightly deflected. The condyle has great transverse extent, 
and presents upward externally and partly backward internally. ~The coro- 
noid process rises from the plane of the condyle a little in advance of it, 
and is recurved at the apex; its anterior face is wide from the base to the 
summit. The profile of the symphysis descends at about an angle of 45°, 
and then curves backward in the plane of the rami. Its anterior face is 
rather flat, and its incisive border broadly convex, as in C. elephantopus, and 
not produced forward, as in C. radians. 

The canines are large and acute, and are directed at an angle of 45° 
upward, and 90° outward, the apices turned backward; the crown is sub- 
triangular, and has a slightly alate anterior angle. External face convex, 
and without angle. Each is in contact with the external incisor, but is 
separated from the first molar by a diastema. There are five premolars on 
each side in this specimen, of which the second is probably intercalated 
abnormally, as it is smaller than the others. The crowns of the premolars 
are elevated, and their posterior crests short. The true molars are charac- 
terized by their short antero-posterior diameter as compared with their 
transverse. The anterior descending crest is but little marked, and its 
termination at the inner extremity is not prominent as in other species. 
The anterior transverse crest is distinctly higher than the posterior, and its 
posterior face is scarcely marked by the connecting ridge. The latter is 
well marked on the front of the posterior crest, while a very narrow ledge 
represents the wide cingulum of such species as the B. lomas. Enamel 
generally rather finely rugose. The premaxillary bone is short and elevated, 
and its teeth are large and with a rudimental cingulum on the outer face. 
Superior canine with triangular section of the crown. It is directed slightly 
outward, and curved slightly backward. The anterior face, though not 
much worn, has lost its coat of enamel through attrition with the inferior 
canine; it is nearly as wide as the slightly convex postero-internal face. 
The external face is nearly as wide as the anterior, is slightly convex, and 
bears on the proximal half one-third the width from the posterior border, a 
straight ridge, which is parallel with the anterior border. This ridge is not 
present in the teeth of C. elephantopus, C. lobatus, etc., but is present and 


longer in GC. molestus. The canines are particularly large and acute in the C. 
; =) 
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latidens, and the superior exhibits a large pulp-cavity. The enamel-face 
extends high up on the posterior face. 


Measurements. 
M. 
Total length of the jaw from the angle to the incisive alveolar border. ...... 0. 306 
Depth of the ramus at the third premolar ............ -......... ieee aU 003 
Depth.of the ramus just; behind the last-molar ......0...35 222.5-/.0---.52% 0. 035 
Diameter of the ramus-at the-last molare<- s-- o- se de wayne weiia sin sisieoini 0. 035 
Elevation of the coronoldprocessmas. cess see else ei eee eee OOO) 
Width of the: condyleze-s.s- cere eee cee eee eee eee nie mer 0. 080 
Length of the/dental series #2... 22 22s4-)soee seis eels Bie stoimsiesofaysisse vetoes 0, 156 
Length’ of the) trier lars rete eserate o tetns cia oot lat aol totel Petalolere afore Pe tetera lene ragers 0. 080 
ensth of theipenultimatemolarzce- cr s-s-ee eoeeee ce eee eee eee 0. 030 
Waid tlio£ theusam 0 pyc cose cacti aa nee eer be cooecsne eS gede coon - OsURz 
Ihength of the lastimolarics castec oes, cece sckee ens ter ee eee eee eee 0. 0535 
Width of the same. <i. 3)s55) Se oneeetac ee apes eens te eee ee Paton) 010260 
Diameter of the canines at the base.......--./.--.- PARA Soa anghoeaaaas 0. 032 
‘Width between the bases of the canines:< -. ...2.. cca. 400s on csss see ese 0. 053 
Length of the crown of, the canines 2252.5 es ee eee eee Bee cr 0. 063 
Length of the superior canine preserved.....-..... Bonoassse pase sascaadsye 0,155 
Length of the crowniof theisuperior ‘canine 2.- - aemeioe oe eee 0. 093 
Long, diameter of ‘the crown at) the) base seme ct erteyats eee eter arene 0. 031 
Antero-posterior diameter of the crown at the base ......-...-..-..--..--- 0. 024 


The lower jaw and portion of the upper jaw above described were 
found in the normal immediate relation in the closed mouth. Immediately 
below the skull was found a humerus distorted by pressure, and, in close 
proximity, an atlas, parts of sternum, ribs, and other elements. The atlas, 
sternal segments, and ribs afford some distinctive characters. 

The atlas is short, and the lateral facets for the axis are moderately 
oblique, with a backward slope. The anterior cotyli are deep, and with 
nearly vertical long axes. The inferior face is without tubercle, and its 
posterior border is convex, the anterior concave. The neurapophyses 
are steep, and there is a short, obtuse, neural spine. The antero-posterior 
extent of the transverse processes is small, as its anterior base is much 
behind the middle of the longitudinal diameter of the atlas. It is pierced 
by the vertebral foramen from behind, above the facet of the axis down- 
ward; the foramen issuing in the middle of the wide anterior face of the 
process. The usual foramen pierces the neural arch above and within the 


cotylus. 
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The ribs are compressed for a great part of their length. The hemal 
segments are ossified as far as the sternum, and are less compressed. Two 
sternal segments are preserved, with three hamal segments adhering to cor- 
responding angles. The segments are flat and subquadrate, the lateral 
borders slightly concave, and thinned by a rounded bevel from one side only. 
Anterior and posterior margins thickened, with rib-articulations at the angles. 


Measurements. 
Transverse extent of the distal end of the humerus....................-..-- 0. 100 
PATISVELSereXten ty OLpoN Ow Abas mettle cs cc.-c cos sniee™ Secs shales cer cae ee te Usieses 0.170 
Transverse extent of the neural arch of the atlas behind..................-. 0, 094 
Transverse extent of the axial facet of the atlas behind.......... nance 0. 043 
Antero-posterior length’ of the atlas... 0.2.5 ec tc cws close sc eecicee es ---- 0,060 
Antero-posterior length of the base of the neural arch................-- weveieul On O04 
Antero-posterior length of the base of the transverse process. -.-.-- cieeeen 0. 025 
Werticalidiameterjorethe atlas DeRIN dare oracle a= occ Sobicie en) nn 'aseis, sale 0. 095 
Wiadthot@amibradlittlesbelowathe tubercle: -sc- 0 ste oo = astocio cele oo cieleies-= = Oa 0. 023 
Width of a rib of the hemal portion ..........-....-..-. Shing yes sodas 0. 018 
Waidtheotearseament or Lhe) Stermu Mac: coca coe leic) < steiciwie.c soles es se wiclerie s.n/ei 0. 058 
Length of a segment of the sternum..............-.-- Ria hipejolevarcie Sehe Scie as aisiete 0. 055 
Thickness of a segment of the sternum in front..............--2..-..6-.-4. 0. 015 


But one specimen has come under my observation which I can refer 
to this species. It is about as large as an Ox, of not more than medium 
proportions. The species is well distinguished from the others with 
superior canines with triangular section, by the short, wide crowns of the 
molar teeth, and the rudimental condition of the anterior and posterior 
cingula. 

Coryphodon elephantopus, Cope. 
Plates 1, figs. 5-6; li, lii, liii, and liv, fig. 1. 


Bathmodon elephantopus, Cope, Report Vert. Foss. New Mexico, U. 8S. Geog. Survs. W. of 
100th M., 1874, p. 10; Id., Ann. Report U.S. Geog. Survs, W. of 100th.M., 
1875, p. 95, plates v, vi. 


This species is the only one of the genus which is represented by a 
nearly perfect cranium, the corresponding parts in the C. molestus being 
injured by pressure. ‘This cranium was found in the hard sandstone which 
divides the Eocene on the Gallinas into two nearly equal parts, and had 
thus escaped the distortion which the more numerous specimens of C. lati- 


dens, C. molestus, ete., had suffered in the softer argillaceous rock above the 
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sandstone. The mandible is imperfect, wanting a large part ot one ramus 
and the inferior portion of the ether; all the teeth are preserved excepting 
the last molar. The dentition of the cranium is perfect, excepting one 
incisor. The cranium and mandible were found in different fragments of 
rock which had fallen from their position on one of the lower crests of the 
bad-land mass, figured in cut 15, page 91, Ann. Report U. 8. Geog. Survs. 
W. of 100th M., 1875. The largest mass, which weighed perhaps two 
tons, contained the upper cranium and the femur; the other fragments were 
smaller, and lay in a ravine on the opposite side of the ridge, from the 
summit of which all the masses had fallen, and on part of which a portion 
of the sandstone bed still remains. In one block occurred the symphysis, 
with incisor and canine teeth, and parts of both rami; in another block, 
molars of both sides and a coronoid process were found in place. After 
much labor, the specimens were all removed from the matrix, and the sur- 
face cleaned for investigation. The cranium has been somewhat obliquely 
depressed. The well-worn condition of the molars shows the animal to 
have been adult, and the powerful canines render it probable that it belongs 
to the male sex. 

Viewed from the side, with the molar grinding-surface horizontal, the 
profile displays a strong elevation and prolongation backward and depression 
and abbreviation forward, so far as the cranial roof is concerned. On the 
other hand, the premaxillary region is well produced anteriorly, thus giving 
the nareal opening a direction nearly as much upward as forward. This 
production is not so great as in the existing Tapirs, but the general effect 
of the profile is Tapiroid. The superior aspect of the cranium shows a great 
width of the frontal and parietal bones, which overhang the temporal fosse, 
a strong contraction behind the canine teeth, and a rounded expansion of 
the premaxillary region. The zygomas have considerable lateral expansion, 
the malar bone projecting outward far beyond the plane of the maxillary. 
The latter therefore occupies a sunken position between the malar bone 
and the protuberant canine alveolar wall. The posterior surface of the 
cranium is rather narrowed and elevated, the general outline being sub- 
quadrate, interrupted on each side below by the large mastoid processes. 
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The supraoccipital region is deeply concave, owing to the production back- 
ward of the lateral and superior walls of the cranial chamber. 

With the cranium in the position described, the occipital condyles present 
partly upward. The united mastoid and paramastoid processes present a 
wide posterior face, and descend to the line of the inferior face of the con- 
dyles. The postglenoid process is large, but not very wide, and descends 
a little below the mastoid. The zygomatic process of the squamosal expands 
abruptly outward at the glenoid cavity, and its superior-border is continued 
posteriorly external to the line of the postglenoid process, thus roofing over 
the external auditory meatus. The external face of the zygomatic process 
is convex and incurved above. * The malar portion of the zygoma, just after 
leaving the maxillary bone and opposite to the last molar tooth, presents: 
downward a truncate tuberosity, which has considerable antero-posterior 
extent. The orbital space is contracted by an expansion of the cranial 
walls outward and upward in the position of the superciliary horn of the 
Loxolophodon cornutus. This must have caused the eye to protrude, if it 
were of ordinary proportions. A small rugose tuberosity projects outward 
on the lachrymal bone. The foramen infraorbitale exterius is of moderate 
proportions, and opens over the third premolar. 

The superior walls of the skull are so codssified as to obliterate all 
sutures. Anteriorly, the surface is nearly smooth; toward the middle, it is 
marked with shallow impressed grooves and dots; while, in its posterior 
half, it is so roughened by shallow pits and wrinkles as to resemble corre- 
sponding parts in some Crocodiles and other Saurians. Doubtless in life 
this part of the skull was, as in Reptiles, only covered by a thin epidermis. 
The superior surface of the skull is, above the lateral contraction and in 
line with the canine alveolus, swollen into a convexity which represents the 
middle corneous process in Uintatherium. These are followed by a con- 
cavity, behind which rises on each side the supraorbital tuberosities already 
described, which are larger than the anterior ones, and are separated by a 
longitudinal concavity. These tuberosities are continued posteriorly as low 
ridges, which unite a little behind the position of the orbits into a central 
ridge. This is bounded on each side by a marked longitudinal concavity, 


which begins anteriorly at the margin above the posterior part of the orbit. 
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These shallow gutters converge posteriorly, unite at the abrupt termination 
of the median ridge, and continue into the deep notch of the posterior 
border of the skull’ The lateral borders of the superior face of the skull 
overhanging the temporal fossee, commence behind the orbits and slope 
obliquely upward and outward. The margin makes an open sigmoid 
flexure, having a long concavity behind the orbit, a convexity just above 
the glenoid cavity, and a slight contraction posterior to that point. They 
project as far backward as the line of the occipital condyles, each side 
forming a prominent angle, separated from the opposite one by an open 
notch. The edge is obtuse and rather thin. The nareal opening is wide, 
and subround in outline. The free portions of the nasal bones are wanting 
in the specimen; but their basis is small, and they were probably insig- 
nificant, as in C. lomas. The dentigerous portions of the premaxillary bones 
are obliquely oval in form, the long axis being at 45° inclination to the 
long axis of the skull. The ascending portion extends to the nasal bones, 
although in the specimen the distinguishing suture is invisible. On the 
middle line, they are in contact, but not united by suture; and each sends 
posteriorly a narrow process, which separates each incisive foramen from 
the median line for a distance at least. 

The palatal surface is not narrowed as in Lozxolophodon cornutus, nor 
very concave. Its widest portion is that between the external incisors; it 
is a little narrower between the canines, and narrower still between the 
molars, whose inner extremities form parallel borders of the palate. The 
contrast between the great contraction behind the canine and the expansion 
of the premaxillary region is striking, and results in a short spatulate out- 
line. The posterior extremity of the maxillary bone does not project much 
beyond the posterior base of the zygoma, and is separated by a shallow 
groove from the lamina pyramidalis of the palatine bone. The palatal 
border of the nares is short, and extends forward as far as opposite the 
middle of the inner extremity of the posterior molar. The nareal trough 
is elongate and rather narrow. The pterygoid processes of the sphenoid 
bone commence a little behind the anterior borders of the glenoid surfaces 
and just in front of the foramen ovale. They descend with the posterior 
border directed obliquely forward, and meeting the palatine lamin at an 
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open angle, as in Rhinocerus. The bridge which separates the foramen ovale 
from the foramen lacerum is produced downward in a short, longitudinal, 
sharp-edged process. The basicranial axis is stout, and bears on each side 
a longitudinal oval facet, whose middle is opposite the postglenoid process. 
Between their anterior portions, the axis is grooved. The palato-pterygoid 
laminze are nowhere perforate, but there is a basin-like concavity just above 
the inferior angle, at the external base. 

The incisor teeth are separated by spaces as wide as the diameter of 
their roots. The external are a little the smallest, and the crowns the most 
oblique; the length of crown is greatest in the middle pair, where. it 
equals the width. The anterior and posterior faces of the crown are both 
convex, the former much the more so. The inner base is marked by a low 
cingulum. 

The canine teeth are very large, and are well worn on the anterior 
face by use. The section of the crown is triangular, forming nearly 
a spherical right-angle triangle. In the longitudinal direction, the posterior 
face is a little concave, the anterior a little convex. There is no secondary 
ridge on either of them. The diastema is short and concave. 

The molars are in good preservation, but the first true molar is so worn by 
mastication as to obscure its structure. The form of the last molar is an irreg- 
ular transverse oval, with the posterior border strongly convex or angular. 
This angulation is more pronounced than in C. radians. The posterior crest 
is also angulate, so that while the inner portion is parallel with the anterior 
crest, the outer portion converges toward it, but not so strongly as in C. 
molestus. ‘The anterior fold sends a fold downward and backward at each 
end, the inner of which is continued as a basal cingulum as far as the 
posterior angle. The anterior cingulum is strong, but it does not pass round 
the external base of the tooth. There is an imperfect cingulum round the 
interior extremity of the last two molars, but none on either extremity of 
any of the other teeth. The posterior external V of the penultimate molar 
is wide from border to border; the representative of the anterior V is a 
protruding trihedral cone, quite distinct from the posterior. The anterior 
transverse crest sends downward posteriorly a fold at each end, the 
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anterior of which continues as a basal cingulum to the postero-exterior 
angle of the tooth. 

The crowns of the premolars consist of a large external and 
smaller internal V, the latter of which in the first is a mere internal 
cingulum. ‘The external V is concave on its extero-inferior side or back, 
andl has a strong convexity at the base of each border. It.is nearly flat in 
the first premolar. 

The portions of the mandible which, from the place of their discovery, 
might be supposed to pertain to the cranium described, are found to fit into 
their presumed positions. Thus the symphysis presents the wide and rather 
flat form of the premaxillary region, and the canines and incisors apply 
readily. So also do the premolars and molars, especially in a peculiarity 
of wear of the first premolars and the worn condition of the first true 
molar. ‘The inferior incisors are nearly in contact by the lateral angles of 
their crowns. ‘The external are smallest, and exhibit an obtuse vertical 
ridge just external to the middle of the interior face. The same ridge 
exists in the second incisors nearer the external border, with which it 
incloses a fossa. There is no diastema in front of the canine. The latter 
is robust and is turned outward, the apical portion being at right angles to 
the long axis of the skull. The interior face is flat, as in other species, and 
the exterior very convex. The posterior aspect is worn into a traysverse 
face by the attrition of the superior canine. The antero-interior angle of 
the crown is prominent, but its apical portion is worn by the outer edge of 
the external superior incisor. The section of the crown is generally trihedral. 
The diastema is short. The incisive alveolar margin is a regular broad 
curve, and the floor of the mouth gradually deepens to between the diaste- 
mata. ‘The premolars of the left ramus are so crowded as to strongly impress 
each other. The posterior median longitudinal crest is distinct but short in 
all; and, in the third and fourth, the posterior base of the internal V is 
protuberant upward. The first true molar is deeply impressed by the 
adjacent premolar. Its anterior descending cingulum is well developed, 
while the posterior cross-crest abuts immediately on the following molar. 
This, the penultimate, shows cross-crests, which, though worn, have never 
been so elevated as in C. radians and C. latidens. The anterior descending 
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cingulum is strong; the posterior cingulum, or heel, is well developed, com- 
mencing at the base of the inner cusp. On the last molar, it was doubtless 
larger. 

The enamel on all the molars, canines, and incisors, where not worn, 
is finely wrinkled. 

The cranium of this species furnished the opportunity of obtaining a 
cast of the brain. This has been described in its principal features under 
the head of the genus, and is figured on Plate LI of the present work. The 
slight distortion of the skull consequent on pressure is also visible in the 
brain. The cast terminates at the foramen magnum, not extending posterior 
to the cerebellum; here its transverse diameter exceeds that at the cerebral 
hemispheres, but is not equal to that at the middle brain. In excavating 
the matrix from the olfactory chambers, some difficulty was experienced 
in attempting to lay bare the superior and inferior walls, which are doubt- 
less of a spongy or cribriform character. On one side of the bulb, this 
boundary was probably passed through, giving a larger vertical diameter 


than the true one. 
Measurements of the brain. 


M. 
MO talel ery Otlbeete reeset sey rote soe stale cia winks cick 1s )o]aseia] ncsigel uel ecisesieijomis w ecnsereiSinicte 0. 150 
Wen othytopenemid dleyDral nya ONG joyecsis cs cie.o ayero oho o.nis. cass, 6.n/ety 2 /ersis'c a bjs, ele.s Pe ras O02 4: 
Meno inatosthescere brumMbabOvVer cassette 6 cee tieniec.chicihch.c,0Se coca acencet e< 0. 052 
Meneth\to:thesbase of whe) oliactorylobes iis tei terior since 5022 a)ols oy sfassinsn aiaveic se wieaye es 0. G90 
Werticaleaiameteratitnescerebellumppen esis. cyt Sete oy s'nj-2f4 cage ices mic ecites 0. 034 
iWerticalidiameterattheymid (lei Drain, = sist 2210 cieiclom csi 2)0, 5751s afeieleje aie aioe cine viel 0. O4L 
Vertical diameter at the hemispheres ..................--- diapers ois cineleaia abe has 0. 059 
Vertical diameter of the olfactory peduncles)... 2..- -.5. .<.. 5 <psectace wtie sic. ses 0, 015 
Wiidihvatithecerebellumensrmcn vest cvs ctr cic cies cielele\s «feo slates ateyateicis mretelavecuetlas 0. 039 
Width’ at the: middleibrain=s 2.255... .. 3. scs- se ccs coc o<0,s Seca tte eeere oes 0. 053 
Widthratiiheshemispherest ers pera tieoariensic cot eeioe ne trian wc tole = sho oe chelate gewisle cle 0. 042 
Wadthvatith eroltactory, ped unCleyemcte.qctaisice - store) oiciatsyonne np etaioeis FO DU OCD BAGEACE 0. 026 
\Widthrat theolfactoryabullba-oscicis series halatole sla o1sj2,<)c.8 oa is aiaaheleieisincta sea e 0. 038 
Length below to the transverse constriction .... ....- ...20.-.-cc eee ewes sees 0. 024 
Hen gihabelows toycbeihypOpuysis swese scnaniee seueiactela ae elelactameinersteie ciate cis 0. 062 
eng thybelowstovthevoptie MEnVes </-.- ies. ciererm =\= apelei=i=) eele'2) olsis/e.ciala sinims} ele © aseepiat O00 eo, 
Length below to the base of the olfactobry bulb siatetelebsiaererasish sm tertnelaisysiateicisis Ve 0. 106 
Length) below tothe bifurcation of the bulb: 222. coos occ aoe ctein nes coe 0.135 


Comparison with the skull of a young Tapirus roulinii of two-thirds 
the linear dimensions of the present one shows that the hemispheres are of 
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disproportionately small size. In crania of such relative sizes, if the hemi- 
spheres preserved the same proportions, those of 7. roulinit should present 
- two-thirds the linear dimensions of those of the C. elephantopus. The actual 
measurements are twice those of the latter, lmear; therefore three times as 
long and wide. This gives a proportion of bulk of twenty-seven to one. 


Measurements. 

Length of the cranium from the incisive border to the convexity of the occipital ‘ 

Cond yleises< as ane ee emesis heise eee en Ce ECE ree eR eiaee 0. 450 
Width of the cranium at the posterior part of the SMEG arcDees ones -e-) 0.290 
Depth of the cranium at the last molar...............  .........>.... 0. 145 
Length from the incisive border to the posterior edge of the foramen oe 

UGE HIGH 1 RRO EISEe anb UOCOLN Os OOO OOD ASUS Mb SOUbOS con Aphea cagdde sdoc 0. 150 
Length from the incisive.border to the tuberosity of the lachrymal bone ...... 0.173 
Widthiofthelanterionmares=- as-is. ec oe. eee er taco ere 0. 067 
Widéh’ at the supraorbitall tuberosities:. 2-5-0 ee i soo eile ret a eee 0. 160 
Width behind the supraorbital tuberosities .... ...--:..2-..-..4.....--.--- OLd35 
Greatest) width. of-theparietal/ bones. -a.-5--. =- erence eee are 0. 154 
Expanse of the posterior angles of the parietal bones ....-............------ 0.138 
Elevation of the occiput, including the condyles, at the middlesas- tes sees 6.130 
Elevation of thevocciput at theisid es, rr: cysieisiepersnie win ole t iterator estes, ie ster ieee 0. 148 
Thength of the palatal’surfaces o-cmicieci- ei = een) tsi sole eerie tines steers 0. 240 
Length of the nareal trough to the foramen ovale...............-- -..-.--.- O.11L 
Length of the oval tuberosities of the basioccipital ......... ...........2.-. 0. 022 
Length (perpendicular) of the postglenoid processes.........--.---..---.--- 0. 030 
Width’ of the palate in front) of theicanines)75.-.. =. --a-1sccieeeeee oes 0. 112 
Width of the palate at the canines’.-.2./. ...... sfc, Sous cise aicieletee ini oeke enceiniets 0. 141 
Width of the palate at the diastema.--.... ..2........- Hate sSohe ceisler 0. 069 
Width of the palate ‘atthe last molars (inclusive) ...... ......-......-...-- 0.125 
Width of the palate between the first premolars.......................----- 0. 045 
Width of the palate between the last true molars .......................... 0.047 
Width of the palatal notch........ Sralaie) Msi See awl hain, olets eta Save ay See RS ole 0. 028 
Width between the: foramina ovalia mes see ie ee eeeeiieee eee 0. 040 
Width between the external borders of the postglenoid processes.........-.- 0.155 
Width between the external borders of the mastoid processes........-.--.-- 0.175 
Width/of the basisphenoidaxistee -enee ee eon oee eee eee ee O05 
Width of the foramem-masiuiies. =. noe er eee e eee ene nee eee ee 0. 034 
Axial length to the line of the canine teeth /..../.....-.....-..0--2-0- 000s 0. 055 
Axial length to the line’of the premolar téeth.......-.......-.....-....---0- 0. 106 
Length of thepremolar serieS@ee ee eee eee eee eee eee 0. 073 
Gength. ofthe molar-seriés': -cseeee eee eee een ennEe ate sce revomeetels 0. 085 
Length:of the:first premolar 22. se-esene se se eee nee eer Betereres eet. 0, 016 
Width of theysame <2..'5 5... cca ee ese ce tee nee eee 0.017 
Length: ofjthe fourth. premolar. «22 ssce-.-see Sem aeee een eae eee 0. 021 


Width of the same 
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enothiofethe: third smolanc- cass <a scree ow eae eenare <e ane ao STO OSL 
AWidthmorithersam ees saccamenonttee tolerate rere iain.) ciai= o sicieialluis cicicler= @ 0. 040 
Diameter of the base of the crown of the canine abe SteLLOE are ub ne 
NSO) aan oan sadeae ceee 0. 630 

WWETERIN OH NEVER AO AON) Gascoosoesaubonod Bopecdaececasac cas noedceEces 0. 0535 
Width of the crown of the second? incisor. --...- 5.2. 2 -- acces dae es oe eons 0. O18 
le vatONKOLAtnEsSAMG) (MDWOLD) peice foc .se8e ae e w aim eis eels oe re se ayo ye = oie 0.018 
Width of the,crowniof the second lower incisor. ...-- .2...6-.203+secss-5s 0. 020 
Elevation of the crown of the second lower incisor when unworn...-.-..---- 0.018 
uength’of the crown of the inferior incisor............-..-. ce.--- wees es oe OHODS. 
F ALE LOsPUSUCKEO lames nice ante .d ercieiacdeietous oie a a ietsisicns oistet-eieyaiete 0. 025 
ee athe share eararees SRS ST ECE ners 0. 628 
LLANEIN OY NO GARIN 6 saed SodbdeAseneese chibasade susceocepuceneedon™ 0. 034 
Hen ohhuo fiche sis aN LenlOLsM OVALS siete encase los cls neue syo\e ocefejeisle ott yi oat 0. 122 
Mensthyote the premolars sce seis loct esi aleiya eels aiaais ayes? 2 elem) Seles sia - 0, 064 
Length of the penultimate molar .......--.......-.----- Meteiatege ar eis MUO aL 
\Witliin@r (hoes 534 5e6 s4acdo goede ses cana eau nec eas anadd coomnodemacues 0. O24 


A considerable number of loose bones were found on the ground 
among the rocks containing the remains described, but I cannot refer them 
to the same animal with certainty. 


Coryphodon simus, Cope. 


Bathmodon simus, Cope,. Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 
100th M., 1874, p. 8. 


The specimen which first announced the existence of this Ungulate was 
found on a slope of a bad-land bluff. It consists of a fragmentary cranium, 
of which a considerable portion was discovered in place, but so cracked as 
to be only removable piece by piece. The reconstruction has given one 
premaxillary bone, with the apex missing; the left maxillary, supporting 
six molars, four in good condition; the right maxillary, supporting one 
molar; both mandibular rami, with all the molars excepting the first and 
second on one side, with a part of the symphysis; a superior canine, 
incisors and fragments of superior molars loose, and numerous portions of 
the skull, including the zygomata, ete. 

The teeth of this specimen indicate a smaller animal than those which 
represent some of the other species, being less than those of the type of 
C elephantopus. he inferior molars, especially the posterior, are elongate, 
as compared with their width, and have a well-marked heel. The superior 


canine is small, and with tribedral crown. 
15 2 
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The premaxillary bone is, like that of C. latidens, characterized by the 
steep descent of the ridge which continues the lateral border of the nares 
toward the alveolar margin, which it approaches much more closely than in 
C. radians and C. elephantopus. Although the premaxillaries of the two indi- 
viduals of C. simus in possession of the expedition have lost their anterior 
apices, the principal portion remaining has such a similarity of form with 
that of the C. latidens, of which the type-specimen includes a perfect speci- 
men, that there can be no doubt of their identity of character. The small 
diameter of the fractured base of the apex indicates that it had little extent, 
and that the muzzle was short at its most prominent portion, the upper lip. 
The premaxillary teeth preserved present no peculiarities. The superior 
canine accompanying the specimens is small and well worn. _ Its section is 
that of a subequilateral spherical triangle, with the posterior line slightly 
concave. The posterior face of the crown is quite concave in the longi- 
tudinal direction, and there is no accessory ridge along the externo-posterior 
angle. The superior premaxillary teeth do not present any peculiarities. 
The last and penultimate molars present the usual characters. The small 
external cone of the crown of the latter is quite distinct from the posterior 
external V, which is rather wide at the base, which has no cingulum. 
The posterior molar is not produced backward into an angle, and the 
posterior crest is nearly parallel with the anterior. This tooth differs 
from the corresponding one of all the other species where I have seen 
it, in the absence of the ridge that descends from the interior extremity 
of the anterior crest backward and downward to the basal cingulum. 
The corresponding ridge is weli developed in the penultimate molar. 
Neither molars nor premolars have a basal cingulum on the inner 
extremity of the crown, nor any at the external base. The posterior 
cingulum of the last molar is small and not continued. The enamel of the 
superior canine and molars is nearly smooth. 

The mandibular rami have a greater vertical diameter than most of the 
specimens that have come under my view, but a portion of it is plainly 
due to extension under pressure. The actual depth is, however, relatively 
greater at the posterior part than in other specimens. The premolar teeth 
do not display any peculiarities, the first having, like the others, the short 
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median posterior cariniform heel. ‘The descending anterior cingulum, or 
crest, is well developed on all of the true molars, and the heel on the last 
two. This is, on the last molar, uninterrupted, and descends from the inner 
to the outer side, commencing within, opposite the middle of the cusp. 
The crests had not, when unworn, the relative elevation seen in the 
C. radians and ©. latidens, and the space between them is relatively greater. 
The entire crown is narrower posteriorly than anteriorly. The enamel is 
nearly smooth. 

An obtusely truncate osseous fragment was found attached to the 
superior posterior angle of the cranium. I cannot now attach it in place, 
owing to the loss of intermediate fragments; but a sketch which I took on 
the spot indicates that it projected, like a free and flattened horn-core, back- 
ward in the position of the lateral occipital crest in the C. elephantopus and 
in Loxrolophodon. It therefore projected in a vertical plane considerably 


beyond the line of the occipital condyles. Its free end is somewhat 


thickened. 
Measurements. 
M. 

Depth of the premaxillary bone at the second incisor tooth ............ 2.2... 0. 032 
Length of the premaxillary bone from the maxillary, including two alveoli.... 0.036 
Diameter of the alveolus of the first incisor........-.....-..-.--..---- eee. HOSOI 
Diameter of the base of the crown of the canine ‘ ae. ea : pay ae 4 ne 
Length of the bases of the posterior six superior molars..-...........---.--- 0. 126 
Length of the bases of three premolars............ ---.. SS BROS AEC CHE ee 0. O51 
Mhengthvor thetpenul timateimoOlaty secs a -iasro ise cicicce nee) ws seeas sce een. 0. 026 
Wadthcofethe: Same Myer sats atte elsiovaveltern faciete See fil ee ae ete 0. 035 
ben otiheo te thewlas tem Ola epetryereceetetetencls aie ote] -tej2!-<.la ere eine tee re SoeESe 0. 026 
VVC CHRO LCCHGISAIN Clr ecervsrse see ioer tet, ome Paras ie lsle ee Be oe ein SiN sieht eeccs 0. 036 
bencthtoteseventimferion molarsaaa- asses ae Oo aes ates el scien aie nee 0. 154 
henge ihvors three Interior tRuewM OATS sry cise eeryeiissegeisic! =ysi- (sears = Sek eee eters 0. 081 
ens cheot the penultimatenmolary sorcerer eis seine tole sesyarale elope ie eal 0. 026 
Wa dthrofethe samey jes. 127-10 - ae ashe basa aN Kees sas ae 0. 018 
Meng throt thelast) MOlAtys os. cra qarta tee saters «toda sroles graye epstteralen ere ioe eee chal e ae lake 0. 054 
VWarcdihyotsthesam eninetron tr. separate eee sick) ele tees eos ce yee tet ereiycie: ole 0. 021 
Width of the same posteriorly..........-..- SRO CoH DRO SOS obrico uo ROE 0. O17 
Hlevationtofesthe nner Posteriovicusp se aacc- erst eine ecient ccc c 0. O14 
Denthkotthewramusritathe lastpmolate. sevice eee eee eis ree res cic. oo , =. 302068 
DeptbvoL the ramus at the last premolars. -.2. 4s meen ae see ae. ccs. 0.5.5. 0. O64 
Vertical diameter of the lateral occipital protuberance.... ........ Shae ss) OL OGD 


“irarns verse diameter =. 2... ae woes a. See. eee yee Rime e ts oe Pe eee 8s. 0. O24 


DIR CORYPHODON. 


Another animal, obtained at another time and place, is represented by 
fragments of both mandibular rami, with molar teeth. The posterior molar 
closely resembles that of the preceding specimen. Accompanying these 
are the extremities of both of the tibie. These are very flat, and the 
obliquities of the anterior and posterior faces are nearly equal. The cal- 
caneal articular facet is wide, and but little produced beyond the astragalar, 
and is separated by an oblique low crest, which only extends part way 


across the extremity of the bone. 


Measurements. 
M. 
Long diameter of the end of the tibia ............---.-.--.-- --++----20-- 0. 067 
Short diameter of the endtof the tibial e...- -----e see sce ance errs 0. 043 
Diameter of the shaft two inchs above the astragalar facet.........-..-..-- 0. 026 


A considerable number of bones of a third individual were found near 
the locality of the one first described. The premaxillary, maxillary, and 
mandibular bones are included, the first two without teeth. The posterior 
mandibular tooth is also wanting, which circumstance renders the identifica- 
tion of the species less secure than is desirable. The forms of the remaining 
teeth, with the canine and premaxillary bone, are those regarded as charac- 
teristic of the Coryphodon simus. Numerous bones of the limbs accompany 
the cranial fragments, but they belong to more than one individual. The 
distal ends of the femora belong to a small and a large individual. Both 
agree in having a moderately-elevated patellar groove, with the inner edge 
slightly elevated, and a notch in the outer edge marking the commencement 
of the condylar surface. The humeral head and condyles are relatively 
large as compared with the femur, as is usual in the genus. The articular 
surface of the latter is shallowly hourglass-shaped, and without ridges. 
The greater tuberosity of the former is very large and incurved, and 
separated by a marked bicipital notch from the narrow, projecting, lesser 
tuberosity. The heads of the femora are round, with the fossa of the liga- 
mentum teres forming a deep notch from the border. 

The teeth found with these specimens are of the normal size of this 


species, and the enamel is nearly smooth. 
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Coryphodon molestus, Cope. 


Bathmodon molestus, Cope, Report Vert. Poss. New Mexico, U. S. Geog. Survs. W. of 
100th M., 1874, p. 9. 
Batkmodon lomas, |. ¢., p. 9. 

One of the bad-land buttes of the Gallinas exhibits a bone-bed com- 
posed of skeletons of Coryphodonts lying together and dislocated in various 
degrees. Several days were spent in excavations, and many bones were 
secured, which represent all portions of the skeleton of several individuals. 
The cranial fragments with dentition belong to two species, the Coryphodon 
latidens and the C. molestus. The bones found in immediate proximity to 
the jaws of the former have been described in connection with them, and 
the bones found in connection with the cranium of C. molestus are described 
here. It is extremely probable that the latter belong to the same animal. 

The C. molestus is represented by a nearly entire cranium, including 
mandible obliquely distorted by pressure. Immediately associated were 
found fore and hind limbs with the feet, scapular and pelvic bones, with 
cervical vertebre. Bones of two or three other skeletons were found in 
proximity to these. Most of them are distorted by pressure, the feet being 
in the best state of preservation. Fragmentary skulls of two other indi- 
viduals found in remote localities present the characters of this species. 
One of them includes the grooved canine teeth. 

The C. molestus is distinguished by the forms of its canine and molar 
teeth and its premaxillary bone. The superior canine is more com- 
pressed, and has a narrower section than that of any other species of the 
genus, approaching in this respect the Metalophodon armatus. The anterior 
face of the crown is the narrowest, and is concave in section, consisting of 
an open groove, which narrows toward the apex. The posterior face of the 
crown is the widest, and, like the exterior, slightly convex. The threeangular 
margins are acute and trenchant, but not serrate. The inferior canine has a 
flat interior and convex exterior face, which are separated by anteriorly 
and posteriorly directed cutting-edges. They ditter distinctly from those of 
the C. elephantopus and the C. latidens, where the section is triangular to the 
apex, the external angle being rounded. The size of these teeth is less 


than in other species, which is partly to be traced to the young age of the 
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animal in the type, since the last molar tooth, both above and below, is but 
just protruded. But their peculiar form cannot be traced to this fact, since 
the apical portions of the canines of other species differ utterly from the 
corresponding portions in the C. molestus. The last inferior molar resembles 
that of the C. simus in having a strong cingular heel behind the posterior 
erest, and in lacking all tubercle or cingulum between the internal extremi- 
ties of the cross-crests. The general form of the crown is elongate, and 
the anterior descending crest is large, and extended well anteriorly to the 
inner side. The premaxillary bone is produced forward, so that the alveolus 
of the first incisor tooth is entirely in the horizontal portion, which is about 
0".02 longer than the vertical portion to its extremity in contact with the 
nasal bone. 

The cranium of the typical individual presents the strong supratem- 
poral crests already described in the C. elephantopus. They extend from 
behind the orbits, and are produced so as to extend far behind the vertical 
plane of the occipital condyles, uniting in a deep notch on the middle line 
of the superior surface. Thus the supraoccipital region is deeply concave. 
The mastoid processes are stout, descending to a little below the line of the 
inferior borders of the occipital condyles. They present a deep fossa on 
the superior part of the external side, which doubtless marks. the sutural 
separation of the paramastoid from the mastoid portions. The latter is con- 
tinuous above with the prominent inferior border of the temporal fossa, 
which overarches the meatus auditorius externus. No tuberosities nor horn- 
eores appear on the superior surface of the skull. The superficial layer 
of bone on the posterior half has a fine reticulate rugosity. The nasal 
bones are narrow anteriorly, and their free distal portion is narrow, short, 
and rather stout, and acuminate in outline. They do not extend so far 
forward as the anterior margin of the palatal portion of the premaxillary 
bones, but reach about to the line of the point of the posterior divergence 
as defining the inferior border of the external nares. They are well dis- 
tinguished by persistent suture. The ascending portions of the premaxillary 
bones are nearly vertical, and are narrow. The horizontal portions do not 
appear to be suturally united on the median line, but are in close contact. 

A view of the skull from below shows that the condyloid surfaces are 
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entirely distinct. A low ridge or angle extends forward from each of them, 
and unites with its fellow on the middle line opposite the auricular meatus. 
The median ridge thus formed disappears at the sphenoid cross-suture, and 
here there exists on each side a low tuberosity which is equally transversely 
divided by the suture. A little anterior to this point, the external inferior 
margin of the basisphenoid is produced downward and forward into a short 
longitudinal crest, whose anterior base is pierced by the foramen ovale. 

The mandibular rami are preserved excepting the posterior portions, and 
support all the teeth. They are rather shallow, and exhibit the usual 
upward concavity of the inferior border at and behind the last molar tooth: 
The inner face is flat, the external convex. The symphysis is elongate, 
reaching to the posterior border of the second inferior premolar. 

The teeth are all preserved, and in good condition. They are but 
little worn, and the last molars in both jaws have their posterior portions 
not fully protruded. The last superior molar has the usual strong anterior 
cingulum, but none on the external and internal borders of the crown. 
The anterior cross-crest is concave backward, and the posterior cross-crest 
is similarly concave. ‘The anterior crest at its inner end sends a crest 
downward and backward, which becomes a posterior basal cingulum. ‘This 
forms an angular protuberance opposite the middle of the posterior crest, 
and there terminates. This is different from the arrangement in C. radians, 
where this descending cingulum rises again, and is continued upward into 
the anterior extremity of the posterior crest. In the penultimate molar, the 
posterior V is large and wide, and without external basal cingulum; the 
anterior V is represented by a conic cusp, little distinct from the border of 
the posterior. The anterior cross-crest is very prominent, both externally 
and internally; its inner extremity rises into a broad obtuse cusp, which: is 
also the termination of a strong cingulum from the posterior side of the 
crown. Besides this, there is a strong anterior basal cingulum, but none on 
the inner side. The antepenultimate molar is considerably smaller than 
the penultimate, but is generally like it except in the better development of 
the anterior external V, which is flat externally and convex internally. The 


premolars display the usual characteristic of a single external V rising to 
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an acute apex, and an internal cusp rising from anterior and posterior 
basal cingula. No internal nor external basal cingula. 

I have already given a general description of the superior canine. . To 
this I add, that near the base the posterior cutting-edge is replaced by two 
ridges, which inclose a shallow grooye between them. The anterior one 
disappears near the middle of the crown, and the posterior becomes the 
true edge. 

The superior incisors are large, and the crowns have a longitudi- 
nally oval outline. They are marked with a ridge on the anterior 
internal aspect, which is so strong on the second and third as to give them 
a triangular section. They have no external basal cingulum. The crowns 
of the inferior incisors are not different in outline, but they lack the external 
longitudinal ridge, and have a weak internal basal cingulum. 

The inferior molars present neither internal nor external cingula. The 
premolars are stout and elevated; the posterior heel is scarcely recognizable 
on the first, which is equal in transverse and longitudinal diameters. The 
posterior cingulum, or heel, is as well marked on the penultimate as on the 
last molar, and is distinct on all the true molars. Like the third, the first and 
second true molars are rather elongate, and have a well-developed descend- 


ing anterior crest. The enamel of all the teeth is obsoletely rugose. 


Measurements of the skull. 


M. 
Leveth from the posterior nares to the premaxillary alveolar border....-. een 20 
Length of the series of superior molars....-.....------++s--- 5+ se eet eee 0.148 
Length of the superior trne molars.....- ....-.-.-+ -.---. ---- +22 +--+ --+ =e 0. 085 
Length of the horizontal portion of the premaxillary .--.-..-----.---- Si65 G0. 0. 065 
Length from the foramen maguum to the foramen ovale......---.----+--+---- 0. 095 
Length of the basioccipital bone to the sphenoid ....-.. ..-.---.----- ee 0, 045 
Vertical length of the mastoid process ....-...-...-- 2. --. ee ee eee et eee eee 0. 050 
Width of the supraoccipital region .- 2... 22.063 oes cee ces we ee ees eee es 0. 080 
Wiidthof the anterior nares --7- eels weir) seers lol taialstele eo itattele fa teenie i= 0. O44 
Width of thespalate at the last molars. =o 2. ceo cs ~ om <leijo sent = stile 0. 039 
Depth of the mandible just behind the last inferior molar..-....-..--------- - 0,055 
Width of the mandible at the same point....... 22.2... 0.-.22 See cce eee ee ee 0. 034 
Width of the free portion of the nasal bones at the base. ....-....-..---.--- 0. O24 
Length of thelast upper molar «2.0. foes « dee celeeicie eeeie tenia ees . 0.030 


Width of the-same............. RSE seOn Los sone Stes ocnstoce Ree oe Ae - 0.037 
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Hength of the penultimate molar... 2... ..- wew-sest.cn-s SEOOC SOARES vem Os.053 
VALCO Lath © IS AE Geers: cxctecchsletoperane rave cte terete fe ee vara she ace Se) 9 ais lores iene Sie.) Ole isles 0. 030 
Menathvoteth epirstitrnesmol ire artscccctecesme arvamiee iit istets os slob etecete se tisiaeeee 0. 026 
Wal clthyoteth Cisan ei cin a coma ese a ect vercier-mscl of tire/= clei 3y <vevelaniareteyaiain EiMepsta ce fiays « 0. 028 
Bensthrof-the last premolar ..-.=.--.-.---.--.. SSO EOko CANS TC GOONS scorseee Uh (Wilr 
Wit GhWoteGlerSam er aca see cites: aoe tric cisisleiejieiaetd ol as.¢'e tnaimes aac stem elec 0. 025 
Meno thor siMeuashinterionMOlals cece ce os cideeie cies Da ecis cco Sense = fodon . Whi 
AWaitHhpO te HORSam Omer ee eeerien. oS hei cies < oi ncXe coos cise ccieie oe Sinn wes cecic aie ss 0. 023 
Elevation of the posterior crest of the last inferior molar............--....-. 0.015 
Bean cinVOl Ue rsh INLET OLACPUC MOLAR etyj.e = eieeiee em Seale © ss Seclee «cies, ee syarcinne.= 0. 025 
BNVp) CGLicO femtVeR Sam Gwsyy-a ss a Setar se esis Sista te tes yeieiaiar eet \avele, atereielaiereeticwteiisteiors eieiee 0. O17 
Menethrot the free; portion of the Canine v. 2 31. s csc clon see tale os oo 0, 045 

eae en ’ ANUETOTMOSLONLOLesayacciers cis steels Gieiaiste:sieieteralers e's! sa ere vec 101020 
Busutcter ofthe same | INEM een oe opasee oo SoDb aDe6a5 KUgGeo ede Doe uoGarE 0. OLL 


In association with this cranium were found various bones of the skele- 
ton. First in order comes the atlas, of which the greater part was obtained. 
It is of moderate length, and has the condyloid cup well excavated. The 
transverse process is horizontal and flat, its transverse extent exceeding its 
longitudinal. The vertebral canal enters it behind just above the posterior 
margin, and issues on the inferior face a little behind the anterior margin, 
at a point which marks the middle of the long axis of the vertebra. The 
end of the transverse process is not widened, but is a little thickened. 
Neural arch destroyed. The azis is preserved with the loss of its neural 
arch. The body is flattened and subquadrate in outline, expanding to the 
faces for the atlas, and terminates anteriorly in a remarkably long odontoid 
process. It is not keeled on the middle line below. The posterior articular 
face is vertical, not oblique, and somewhat concave. The faces for the atlas 
slope well backward. The odontoid is two-fifths the length of the axis; 
its superior face descends obliquely to the inferior face near the end; the 
inferior articular surface extends its entire length. 


Measurements. 
M. 


Vertical diameter of the posterior face of the atlas ....................---.. 0. 030 
Length of the base of the transverse process of the atlas ..,......--.-...--- 0. 037 
Length of the transverse process of the atlas ..............0. 2220.00 --- 0.086 
Hongitudinall width of thevatlas:near the end --~. < eae. oe eee eee 0, 023 
Ietel Te etin Metin API sopees con cco pogecodsHoco nn soogdcuene copbocoDomse 0. 091 


LOSER On TNE OWI ONKt  yNKeeshosidees boccbu0s coon Sono bons e0 nod Sone DenOaee 0. 038 
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é : : FOLtIGAlem eer ates isch chins eoerels 0. 035 

F e y sterior ¢ lar fa , f vertica ; 

STIG IE SYS AN aS Taig bats AEE ES imesh ceo Gadse sodeaseasécc 0. 050 

Widthiof the expanse of the anterior facesioc-eee eaten tei ee eee 0. 084 
rTearti 2 

Diameter of theodontoidatitherhase f VOLLIGAL! Mya deus iecrea rarenst Cle Doe eae as 0, 024 


UitraN SVCLESC! hen ske-< care trea onelneiy co spears 0. 022 

Three other cervical vertebre in a fragmentary condition accompanied 

the above. The centra of two are nearly complete, and exhibit the prin- 
cipal characters. They are short and wide, and somewhat oblique. The 
articular faces are ovals extended in the transverse direction, and the poste- 
rior is moderately concave, and the anterior proportionately convex, but 
not so strongly so as in the Tapir. ‘Though resembling the cervical vertebree 
of the Carnivora rather than those of the Tapirs, they are shorter than in 
the Lion or the Bear, but not so short as in Mobasileus pressicornis and the 


Elephants. s 
Measurements. , 

M. 
ene thot the Centrum see soto telelaletolatetetsete slater telarenete sete ie terete seen OsOze: 
Wiidthrof the: articulamfacemncc- mcm aoe cece creeiee eae eee shestn cect suasies 0. 055 
Dep thro fithewsam Ova aaa ict weve eroloee reiciomicres $a dais ic nite eee ais Rita sens 0. 022 
hengethiofsamo th ener srs, seecepeleis. ertenel= eiaioie) siois Seteu saps iohe's (epapsainessie fe spotie eee tatole 0. 023 
Width ofthe neural camaleecccasce tose SSS Saeco) eee aaicgernNetoiateics 0. 027 
Widthof-thetarticulartace,acjaetecrcte se rer ieee Bis osie ereinresienciete . 0,056 
Depth of the samesae. 52. sips eters GlsfeesSave) ataistoayn seats vwareisteuclolare dis1s1s/e 0,029 


The general characters of the fore foot have been described under the 
head of the genus. The best-preserved one of the present series exhibits 
all the carpals with four metacarpals in a single mass, somewhat dislocated. 
The carpals are stout, those of both rows increasing in size from the inner to 
the outer sides of the palm. The second and fourth metacarpals are of 
equal length, while the third is a little longer; the fourth is much shorter, 
but of equal width. The relative proportions are seen in the following 
measurements. The phalanges are all wider than long. The unguals are 
transversely expanded with gently convex margin, which terminates in a 


free acumination on each side. The surface is quite rugose. 


Measurements. 


M. 
Width of the anterior face of the lunar.........-.. 1 Rams locum aetiaie a oR ice Reto 0.038 
Width of the anterior face of the cuneiform......-............ siepate teen eteols 0. 045 


Width of the anterior face of the magnum.......... 2.2... Sgibvortiaelere ciseaaetenne 0.020 
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Midthrotethe anterior face: ofsthemn cltormmrs erecta ie cecrcis ial oesk- 2 /e.ie.e ic Se, 0 0. 049 
Width of the anterior face of the third metacarpal ....-....-.-.- aie maiciawee es ONUol: 
Antero posterior width of the articular face of the seaphoid.......-.. ...-.- 0. 031 
Antero-posterior width of the articular face of the cuneiform. ....-.......-.- 0. 036 
Antero posterior width of the articular face of the unciform.......... ..-..- 0. 034 
Henoihofernevantenorrtice Of the wUNnat ss -siehe scion see se es cyoeisccses oy as 0.018 
Length of the anterior face of the cuneiform......-..-.-.... See ae Ne Sheasne 0.018 
mensthyor whe anteriorface.of he MAagnUM! <4. 22-522 cece ceece sec sce eos soe ce 0. 014 
Mensth ofthe anterior faceiof the unciform <2..-2..4.2.05 2252 00-ceesecceee 0. 022 
Henounotauhe second metacarpalers:. scm calass eciee cs etice osha occ owec ce. ccicce 0. OTL 
Hens Himonaun esunindymetacabpalirc cc seis. = chic fd coe ne Scie clowle s cieteieinteie es.c 0. 076 
HenesiimotmunenOurbhemetaCarpalicesni.ceawscas sess tees he ee oe Seeciee ee ene a 0. 070 
Wengthsof thewitthy metacarpal pees c..+<1-ocnrses -.s2 aioe cisias ee ace seat idle ss 0. 058 
Width of the distal end of the third metacarpal ......-.........-..--..-2--: 0. 030 
Width of the distalend of the fourth metacarpal............:..-..........<- 0. 029 
Width of the distal end of the fifth metacarpal.........-... BPO MEeSEE DOroS 0. 030 
lengthiof alproximal phalangeves..-. 222020 c.cisee-s- SRLS A ete aes 0. 022 
Wil cthrotatheisam Omeerremepr cies sc eer nan ck sc Se ara ee eee acre arene 0. 029 
Meng theoteansunetalip hal ane Csrracrste setter are a ee ate ne oP ee rere) © neuer 0. 014 
ae : ; PLOKIM aly cere tees «2 SRC Oop. Up pc coaruiSn cEatnote c 0. O16 
pace ore same | CIStal yee ears eer. Se ea ee eset ce 0.027 
Wen theo heohewsaneiproximal uae tetas cto a. Scice oles ieee aieiars Sie is ciele mis ee wise 0. O11 


The distal portion of a radius of the same series is somewhat flattened 
by pressure. The shaft is wide, and presents a longitudinal angle of the 
superior surface near the inner margin. Beyond the expansion, the bone 
contracts considerably to the carpal articular face, which is small in both 
diameters in comparison with the size of the shaft. It is oblique, owing to 
the production of the extremity at the inner angle, and the superior border 
is recurved backward. 


Measurements. 


M. 
Grentestavidihromane shath on the rAadimsSjseesee.. 6 o.oo oclsee cle back cmeccee 0. 057 
Widthrotenne distalkendtotthermadinsi- = esse cic Soe es oe thes cee ce 0. 045 
f =e Spas ots as _ § transverse BT Reecie oicte lara bier clare forrsteiccs 0.039 
Diameter of the carpal articular face veriiCal eee ee = 0.018 


A femur associated with the preceding bones is as large as that of a 
medium-sized horse. The shaft is not stout, and is compressed. The third 
trochanter is small, and marks one-third the length from the middle of the 
little trochanter to the condyles. The little trochanter is well marked, and 
the condyles are large. Head and great trochanter lost. 
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Measurements. 


M. 
Length’ of the femur from the little*trochantier Sens. ses eem ee oiec1ere meelneite 0. 320 
Width at the: little trochamtersecsc sacar cte oe ere sere tetas = olerone etek roe 0. 085 
Width’ at the third) trochanter a22s05-0 soe aoe see eee ae eee err 0. 067 
Width belowsthesthird) trochantenme.: cme cee ects sae eae rere enero terete 0. 055 
Width at: theicondylesiec. os acirte ie Soetere teeta ene oat ereeetueferst toh asta clone slevelare 0. 692 
“Depth of the inner condylev(oblique)ie eerie eee eee ae seer 0. 100 


A tibia accompanying the femur presents the usual character of the 
distal extremity, the flat articular face, with descending internal malleolus. ~ 
The shaft is quite slender, and is strikingly less robust than in the Hobasileus 
pressicornis and other species of that family. The corresponding bone of 
the other limb, together with the fibula, exhibits a length proportioned to 
that of the femur above described, and my notes state that [discovered 
the ilium, femur, tibia and fibula, and hind foot in their immediate normal 
relations. The head of the tibia presents the usual characters of the genus, 
one of which is the absence of prominent crest. The outer femoral face is 
smaller than the inner. The shaft is subround; the distal end a transverse 
oval in section, widest at the inner extremity. The fibula is entirely distinct 
from the tibia, and has a slender shaft of a broadly oval section placed 
transversely. The head is not much expanded, and its tibial face is very 
oblique. The distal end is expanded antero-posteriorly, but little externally; 
its astragalar face inclines at 45°, and is subround in form. The external 
border becomes angular below, and the angle divides a wider external from 
a harrow posterior distal face. 


Measurements. 


M. 
Then gb o fate bibl ames jece eeteeteeotser teil teins caretee ie ee eit etek etree eeret rete 0. 295 
Transverse diameterotathe headieeereeseeas eee eee setae eset 0. 090 
Transverse distalidiam eter cs-csae sae ee ole ites ete ie vere ee eee 0. 065 
Antero-posteriordistal-diameter’ ssa. .eseee eee emi eier le tate tose eee iereie 0.038 
Antero-posterior diameter of the Shay. o-cecce oe ieiels somiaie sro eet inlet alpniterctes 0. 030 
Leneth of sthetfibalites sac sierse oe ote oe le sere tere Seen) eee ree 0, 260 
Antero-posterior diameter proximally....-. Ooh ae cacao cae ten oe odoe 0. 025 
Antero:posterior diameteridistall yinecie em e-store oats See ee eels 0.029 
Diameter of the shaft of the fibula ‘at the middle. ......2.....2...-....-.... 0. 621 
Lransverse diameter proximallliyeeyy-iecive <ce -onchs oeetste sta aiehvorayenetoe=vey yor easiness 0. 037 
Transverserdiametierdistall yey. sass etei la ereis ete ane teeta iate eee eet 0. 037 


A second individual is represented in the collections by two fragmentary 


mandibular rami of a young animal, whose last molars are not yet pro- 
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truded. The section of the superior canine tooth is precisely similar to that 
of the typical specimen, including the two ridges of the posterior cutting- 
edge. A penultimate superior molar displays a peculiarity in the distinet- 
ness of the cone which represents the anterior V, and is as well developed as 
the corresponding cusp in the first true molar in the specimen first described. 

The last inferior molar tooth which furnished the description of the 
Bathmodon lomas does not differ in any important respect from the correspond- 
ing tooth in the cranium of the specimen here first described. The latter 
enables me to determine the identity of the B. lomas with the C. molestus. 
This tooth is characterized as follows: The anterior crest is much more 
elevated than the posterior, with its inner apex almost a cone, with 
anterior, thick, revolute border. The usual oblique cingulum descends 
from the outer apex forward. ‘The longitudinal ridge connecting the crests 
is low but distinct, while the posterior cingular ridge is remarkably large. 
This, which constitutes one of the specific marks, is extended horizontally 
so as to form a broad ledge, whose border is a segment of acircle. Enamel 
roughened with fine ridges on all the external surfaces. Tooth well worn 


by prolonged use. 


Measurements. 
M. 
Men cinrOtetheyrowNesare ree nec ctre =e cies ec ncine salsietenicciesis cveeale wae scene eos 0. OAL 
Wit thro Gath ersanieeaneErlOrhyjseroter ects \a/arfa\sier=i> sie <l~c.ciates olin ose lcYela'eiclsis o.0 s'=talereise 0. 027 
WaT cuhso fachespOstenlOnCres Giese <n eeeais cae tetsiel eel ciay= ic sy ristens tore icistnre wie < oval ays exe 0. 022 
Elevation of the same... ......-. afeto tne cs epaisicia saan CO Aer nec CePA Bes 0. 011 
Higvationrotmeleranterlormcrestiees cise deceit eresine soe riot oa tce ne 0. 024 


Coryphodontes of uncertain species. 


No. I. 
Plate lvii, figs. 3-7; Plate lviii. 

One of the most instructive series of specimens of this genus consists 
of the bones of one individual which were found by the writer lying exposed 
at the base of a low bad-land bluff, from, which they had been weathered. 
They consist of limb- and foot-bones, and a few cervical vertebrae, and are 
in pretty good condition. They differ from most of the other specimens in 
their white color, a few only being stained. I do not describe all of these 
bones in detail, but figure a number of them, as I do not know which of 
the characters are specific in all of them. 
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The atlas is stout, and the vertebral canal is straight and horizontal. 
The superior base of the transverse process extends almost the entire length 
of the atlas, while the inferior base is shortened in front. Another cervical 
vertebra has the section of the centrum a transverse oval; its posterior 
articular face is concave, and is oblique to the horizontal axis. 

The wha is massive posteriorly, with a thick obliquely-truncated 
olecranon, which is vertical proximally and transverse at the end, but not 
so much expanded as in Hobasileus. The shaft is obliquely crossed by a 
flat plane, that of the radius, which thus articulates with the carpus along- 
side of and not behind it. 

The scapula is thickened on its posterior edge, and at its produced 
and shortly truncate apex. The anterior margin just below the apex is 
notched, and two large nutritive foramina pierce the plate just behind 
the base of the spine, one opposite its proximal end, the other an inch 
higher up. The terminal part of the scapula is strongly rugose. 

The head of the humerus is large, and the greater tuberosity well 
developed; it isinjured, and the lesser tuberosity is broken off. The humeral 
crest is stout and twisted just at the distal end; below it, the section of the 
shaft is triangular. The distal end of the humerus has a massive, truncate, 
epicondyle, which is separated from the condyle by a rotular keel. The 
opposite end of the condyles is not bounded by a keel, nor is the surface 
anywhere angulate. The measurements indicate the characters of the 
rarpals, which nearly resemble those of other species. The third and fourth 
metacarpals preserved are as stout as those described under C. molestus, but 
are shorter. They are dilated proximally, and deeply impressed by the 
ligamentous fossee. The earina of the distal articular end is obsolete. 

The head of the femur exhibits a deep fossa ligamenti teris; the shaft is 
flattened, and the third trochanter very low. The patella is remarkably 
elongate, the lower end being produced an inch beyond the articular faces, 
and there obliquely truncated. The inferior half of the bone is narrower 
and thinner than the superior half. Of the femoral surfaces, the interior is 
nearly twice as long as the external, which only covers the proximal two- 
fifths the length of the inner face, although it is the wider. The distal end 


of the tibia is massive, and exhibits the usual flat astragalar face. The 
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distal end of the fibula is also unusually massive, presenting inward the 
usaal extensive oblique area as broad as long, and divided into three facets, 
two proximal, one of which is the larger, and a distal for the caleaneum, 
which is the smallest. The astragalus is broader than long, and the superior 
face is slightly concave. The anterior and posterior inferior faces have planes 
nearly at right angles. The former is divided into the cuboid and navicular 
facets by a tuberous projection.. The caleaneum is short and flat, with a 
slender posterior free portion of subround section. Its proximal portion 
below the articular faces is deeply excavated by ligamentous pits. The 
cuboid bone is wider than thick antero-posteriorly, and thicker than long. 
Its outer portion thins away to a longitudinal edge. The caleaneal facet is 
larger than the astragalar, and is transverse, while the latter is antero- 
posterior. ‘These faces make a strong angle with each other, the astragalar 
being parallel with the metatarsal face of the bone. The latter is wider than 
deep, and forms one slightly concave plane, in which the two metatarsal 
facets are distinguishable. The inner of these is very large; the outer 
incloses about half its area. A portion only of the navicular is preserved. 
It is a thin bone with a sharp lateral margin, and the metatarsal facets well 


defined. 'The superior face is slightly concave. 


Measurements. 


M. 

Vertical diameter of the axial facet of the atlas .:.>.....5..5.2. cc.e0 22 203- 0. 039 
encthrotunemeuralarchsotethoratlasz re secve:- a issierrsisa ace ais ciios, 225. 0ee si 0. 040 
Length of the superior base of the transverse process of the atlas ........--. 0. 037 
Vertical diameter of the vertebral canal of the atlas... ......--. .cc22. e200 0. O10 
Vertical diameter of the centrum of a cervical vertebra ...... .2..-..-...--.- 0. O40 
Trans7erse diameter of the centrum of the same..--..........-.-.--.-.------ 0. 065 
Lenothrof the slenoid cavity of the'scapula. 5. .ca-. ec. co. ee ce tle ae st tee 0. 075 
Widthiof the elenoid cavitysof-the scapular .-.- 22 ye0. se cece sssis ees ise <n 0. 062 
Distance from the glenoid cavity to the base of the spine .............-..... 0. 026 
Width of the scapula at the superior end of the spine ....................-. 0.115 
Length of the scapula from the superior end of the spine to the apex ........ 0. 053 
Width of the-distal trochlear surface of the humerus ....................-.. 0. 066 
Transverse diameter of the internal tuberosity of the humerus ..........-... 0, 03: 
Shortidiameter of-the head of the humerusS\wa- ee eceeteclew ee eine ses = ses 357 02075 
Long diameter of the shaft of the humerus at the inferior extremity of the crest. 0. 064 
Short diameter of the shaft of the humerus at the same point ............-.- 0. 040 

UPANSVerSC.. csc cs. c css 0. 045 


Diameter of the ulna beyond the middle of the shaft i vention] ; 0. 03! 
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(mlanSVers@r ee <5 secre ae eee 

ANSE Ghb os beacon cues FoR Serene 

(GlNaDSVEUSC serene crs ere sere area 

Pevertical oor soe ets sere 

{lAaNSVelSe Sa. iies eee eee ~ ee eewien neers age 

ANtELO-POSLELIOMeis ans reeeeeS SddGsEsuscses 
UNE Cein te lpiae one Boh samosas qoSenoccopos se coc 

Diameter of ‘the lnnarantero-postenior-.=.--ee eee eee cee eee eee 

; longitacinaliinsitontie see sssee eee ae eee ee ere 

(PANSVELS8O. 25 Fo< ec cca oe Series Bote eee teerte 

Diameter of the cuneiform'<-antero-posteriors=~5.- 422s... 74 =e eee eee 

longitudinalyiniront ssec-s er eee eee Cee ee 

LSS YS tS ic Soe So done ons Sdn O eens LS OnGK 

Diameter of the-sunciform.2 antero-posterior-as-..2.' 222+: 222-2 tenes ee cece 

Jongitud I nalbinetrontie se eee eee eee ee eee eee 

‘Length of; the third metacarpal a-o-see-- ae eeeen eee eee cee rire eee ere 

Width. ofthe ‘same distal: ss-cenea) <ereecie oe acer er eee er ne ameter re 

iengthiotathe tourthimetacanpaler=. ese eee eee 

Width; of; the’sameldistally--2-5.c-2 2 oeeeneee see Blas oe otaeietaae reece) ate ee 


Diameter of the olecranon at the base 
Diameter of the olecranon at the end 


Diameter of the scaphoides | 


Transverse diameter of the shaft of the femur at the third trochanter.......- 
Transverse diameter of the shaft of the femur below the same point .......-. 
Antero posterior diameter of the shaft of the femur at the latter point....... : 
bength-of the patella 7a2-3 patent poe eee ee Oe ee eee 
Width: of the:same sec... seneicec sa ticeee es Soe RET In ce nents 
Diameter of the shaft of the tibia distally i per ae Ree pias Staats na 
Antero-posterior diameter of the astragalar face of the tibia............ 2... 
Crreatest diameter of the shaft of the fibula distally ..........-............. 
Antero-posterior diameter of the astragalar face of the fibula.....-........-. 
Vertico-oblique diameter of the astragalar face of thenfibnlas {ote ee 
Transverse diameter of the proximal end of the calcancum... ............-. 
Transverse diameter of the distal end of the caleaneum................----- 
Vertical diameter of the distal end of the caleaneum ..........-. Bia eee eyerenste 
Vertical diameter of the cuboid facet of the caleaneum...........-......--.- 
Width of the astragalus...2..2.-.22 2. = doa sastees aratele SI Seana ei eie es lcte etree erie 
Depth-atithe outeriborderstee ees sa ee ee eee eee ee ee eee eee ee 50 
Depth to the angle between the cuboid and fie calcanealiiacesie-ce eee eee 
Transverse ‘diameter of, theenboiditace) ---e- see a a eee 

greatest longitudinal indront =. --- <= 22-2 2s 
Diameter of the cuboid } UPADSVerse |. =< -sccasise oe Saree Sete Sey ares : 

antero:posteniony=--—- = sere eae eae Be ctstepnste 
greatest longitudinal im ironty, ---2-e> sees ee 


Diameter of the navicular \ = : 
ANCELO-NOSEETION aioe. «oo sol erealpeis Seetiele ree sfeiaieerte 
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Coryphodon No. II. 
Plate lviii, fig. 9; Plate lix; Plate Ix. 

A number of elements of a skeleton of a Coryphodon were found in the 
bed from which the C. latidens and C. molestus were obtained. They were in 
immediate association with the bones of the latter, all having been taken 
out successively; those to be here described on the 16th and 17th of Octo- 
ber, 1874, those of C. molestus on the 22d and 23d, and those of C. latidens 
on the 24th. “All of these are of a reddish color, and are invested with a 
thin coating of the matrix, which can rarely be removed without taking 
with it a part of the superficial layer of the bone. It is not certain that 
some of these bones may not belong to the C. molestus, but the different 
proportions of the fore foot show that the individual, and probably the 
species, are different. 

The remains in question include a left humerus, a left wna and radius, 
and a left fore foot, which probably belong together; also a right femur and 
patella, a right tibia and fibula, and aright hind foot, which are parts of one 
limb; also a series of caudal vertebree. The limb-bones are at some points 
distorted by pressure, but are elsewhere of normal form. 

The humerus displays the large greater and lesser tuberosities separated 
by the deep bicipital groove. This groove is defined on the shaft in front by 
the crest, whichis not very prominent. The shaft is rather slender, giving a 
much more elongate form than inthe American Tapir. The inner distal tuber- 
osity is not very prominent, and, on the posterior face, bounds the very deep 
olecranar fossa, which is not perforate. 

The ulna is preserved in its proximal half, which displays a narrow 
inferior face, except below the olecranon, where it speads out. ‘The coro- 
noid process is the most’ elevated portion, and at its base the olecranon 
is compressed. Its superior surface rapidly descends to the transversely- 
expanded extremity. The outline of the extremity is obliquely rounded 
to the inner side. The radial facets are not separated by a notch. 

The fore foot exhibits all the carpal and metacarpal bones, many of 
them adherent and but little dislocated, and a number of the phalanges, 
including an unguis. Their forms have been already described under the 


head of the genus, and the measurements express their specific proportions. 
16GR 
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The anterior face of the magnum is the smallest in the front of the carpus, 
and is wider than long. That of the trapezoides is next largest, and is 
longer than wide. ‘That of the trapezium is larger still, and is longer than 
wide; its distal end is transversely truncate, and the outer side is concave 
and the inner side is excavated by a fossa. The anterior face of the unci- 
form is also concave. What I suppose to be the pisiform is an L-shaped 
bone, the long axis terminating in the free tuberous extremity, the trans- 
verse limb proximal, and supporting a long, narrow, and longitudinally 
slightly concave articular face for the cuneiform. The metacarpals are 
preserved, except perhaps the proximal part of the pollex. It is true that 
there is an undetermined proximal end of a metacarpus unreferred, but its 
tuberous extremity is so different from the truncate form seen in C. molestus 
and No. III, and the total length, when added to the distal portion, being 
greater than in No. III, I leave its position undetermined. The distal 
extremity shows the first metacarpus to be the smallest; the second and 
third are subequal and longest; the fourth is a little shorter; and the fifth 
just a little shorter than the fourth. Of the proximal ends, all are truncate 
laterally except the external sides of the No. V and supposed No. I, which 
are angulate externally, marking the extremity of the narrow margin of the 
shaft. ‘The median inferior ribs of the distal ends of the metacarpals are 
obsolete. ‘The phalanges are of the usual form. An unguis is very short, 
with truncate extremity and laterally-produced angles. 


Measurements of the fore limb. 


M. 
Total length: of theshamenus 55222 cle..-s- eo eee ae eee eae See eee 0. 310 
Long diameter of the shaftat the middle... ---..-..--) 5-.< .-sanscecs -act,s er 0. 045 
Long diameter of thecondileseas- ete a eee ete erence 0. 055 
Antero-posterior diameterof the condylesea- --- esse. esses ean ee eee eters 0. 058 

Length of the ulna from the radial border to the end of the olecranon......-. 0.128 - 
Width at the radial facets .............. SAME ORO Cio raie Sona OS OdaaeS 0. 056 
Depth at thewadialfacetst.. acca seeee eee eieee Gaaislofereleveiterelensl te ekcteysinvat= 0. 064 
Depth of-theiolecranonntronte se se eee eee ee oe nee neon 0. 060 
Depth of the olecranon at.the/end.-----c 225-2 ee eeee ese cee Soiere note eiatienstoerere 0. 027 
Wadthrof the olecranon atitherend)s.-o-eree eee Eee eee Eee Teee eee neeren 0. 040 
Length of the proximal ends of five metacarpals in place (width of the palm). 0.110 
antero-posterior. s.ncce aeioon cece ee Cee eenee aeeette 0. 041 
Diameter of the hana CLADSVELSO So )< 0.52, cose c wieseetelom ha sre ere Pneisiee eles earners 0. 038 
longitudinallingironti-ece cease BooousooGbesS 3 On ONT, 


’ 
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ELOTISVELSOle etme eisriceictere is chars cis cietcleyciele ete ele else 0. 032 

Diameter of the cuneiform longitndimal-obligquer=cce.- ss s<ec cele eeeee sesie == 0. 050 
long itudinaleinront cee - 1s 0 te “ie winjeinve mfnin'a selmi 0. 016 

transverse proximal ........---+--2-+-- + reereraiete 0. 040 
Diameter of the pisiform LOMoEGUCI Allee erecta tee ots te = sisteke’ sinlave cic ee 0. 042 
distali(longest)-scisac 2 rite ciate, a\ein'~) oiclei~ele'srs: sires = 0. 022 

: antero-posterior......--.- si BoDdpe. cena vaeedoue 0, 023 

Diameter of the tmpesiom tLBUSVETSO ste ee sur itere eee ene iopnine wanes 0. 020 
longitadinal:in front =. ..--..<<-63.+.<---- fee ee OnO22 

ANTENO: POStETION,. 2rjcei-i- <=. ce Noe pisses sree are 0. 022 

Diameter of the trapezoides ¢ transverse. ..--.....-.-...-- Satetessieystei sere ie iwiats 0. 016 
longitudinal in front ....- BP ae Bir att Cis ME 0. 022 

ANLETO-POSFCLIOL eas. sias: 12 otore/s «[winiersiese ieretetel=itcisha\s oie 0. 036 

: EADISVORSC le he ein etot a ioset oicleials saieye stele, « sie fe e)aye ete forelee 0.019 
Diameteriof the. magnum 41 —- itadidal atthe middle 0702.0. 0.2. 0..clewe- 0. 033 
longitudinaliinctronts.2< eet ~ acs = a 0< See ieee UL OL 

ANLETO-POStELIORs oc oise els a aielela e!e,a\sletalsie.o'2 a= wicai~ie 0. 030 

Diameter of the unciform } BLANSVEISC estes See ae lo eaten oe ies Sit sere ase 0. 048 
Hon Pit{UCMaleineteron tier... a= large ts .qler siete @=teietisye = 0. 019 

Mencthiefathe:second metacarpal’... <2. -.-:2--2-< ence - Yee AOA pose soe 0. 065 
Hens throtathesthirdymetacarpall, scence cscs - 22 cte ee nisin re myn scl nwicieiele 2 aicie= = 0. 065 
Meno chotsthemourthwmetacarpall a satyset- tree elec = tele = x otere oie refoiere oe Siaieisystv oss 0. 060 
ene thyotathertiithymeta carpal sper tece(s sss a/stoke eiaiehere =o) skeyepsicichajelsi=inye <'= 2) ecslo= 0. 058 
Distal diameter of the first metacarpal ...... ..-...2.-.cce.eeseeeer eee eee _ 0.020 
Distal diameter of the third metacarpal 3. .-...2 222 eee ace ne set ece eee 0. 027 
IBroximal diameter, of thesam <2 << -sc Ses Satie reine oafe sto oa ee SO Seo RO pe 0. 030 
Mistalidiameter of) the fifth metacarpals 222. So oye nase ways ws we on ec cee zene 0, 025 
roximalidiameterOly theisame! aacie et jcina tse sieieteraseis ss cree Sars atSk 2 sletic's S s1ajsre 0. 028 
WeneunOteanpnalan gerry. aceon cis i Noles seit caches 2 fe oe asl 8 0. 019 
Whoidbhvofithe same -y-n2 se eec <1 Bes arene ctecepe Syatatot aa aiararsiavela’s ore ae.o (sheila Sine 0. 024 
Mens thrower eo ale hal an PON yer a cere tele slave erel santos nis co cic ~ ams cle sinlelsieieyeisinis. =r 0. 013 
ito bale TING) GS, So cnke eb addon MBS HUeSeo eee sae Seon Goad ancoocasmeS cn arc 0. 023 


The inner border of the trochlear groove of the femur is higher than 
the outer, and the condyles stand well apart. The patella is in place, and 
displays the same inferior prolongation beyond the articular faces already 
described. Both tibia and fibula are a little shorter than the corresponding 
bones of C. molestus, and are not in any respect more slender. The hind 
foot is the most complete which has ever been found, and has been repre- 
sented in a diagrammatic sketch on page 28 of the Systematic Catalogue of 
the Vertebrata of the Eocene of New Mexico. All the tarsal bones are 
present, and all the metatarsals except the distal half of the fifth. All the 
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phalanges of the third and fifth digits are present, and some of those of the 
second and fourth. 

_ The calcaneum is somewhat flattened by pressure. It is as broad 
anteriorly as long, and the free portion is turned inward, with a concavity 
on the inner side. It is flat, and the inferior surface is roughened for 
ligamentous insertions. The inner anterior expansion has its astragalar 
facets in two (an anterior and a posterior) transverse planes, while the astrag- 
alar plane of the exterior part of the calcaneum is the anterior, though 
posterior in position. The astragalus is broader than long, presenting an 
anterior acumination inward. The tibial face is continuous and slightly 
concave in both directions. Of the two distal faces the navicular is the 
larger, extending to the internal apex, while the cunei-cuboid face does not 
extend to the external margin of the astragalus. While the astragalus is 
unaltered, the cuboid has been somewhat depressed, like the calcaneum. 
It does not, however, thin out to an acute border, as in the skeleton described 
just preceding the present one as No. I. It has a short, rounded, straight, 
external border, shorter than the internal. The calcaneal and astragalar 
facets make a strong angle with each other, while the two distal metacarpal 
facets are nearly continuous. The remaining bones of the foot have not 
been modified by pressure. 

The ectocuneiform is the largest of the cuneiforms, and is chiefly in 
proximal contact with the astragalus. Its navicular and cuboid facets are 
subequal. Its anterior face is quinquelateral, and a little broader than long. 
The navicular is a flat thin bone of an L-shape, the antero-posterior limb 
being next to the ectopterygoid. The cuneiform faces are distinct, and the 
internal is large. The mesocuneiform is larger than the entocuneiform, and 
its anterior face is a little wider than long. The corresponding face of the 
entocuneiform is longer than wide. The last is a wedge-shaped bone with 
triangular horizontal section. 

The proximal ends of the metatarsals are subtriangular in form except- 
ing those of the first and fifth. That of the fifth is bilobate posteriorly; 
all are nearly truncate, the third only presenting some convexity to the 
ectocuneiform. The second and third are subequal, the third exceeding; 
the fourth is distinctly shorter; and the fifth is about half as long as the 


CORYPHODON. 245 


third. The distal inferior keel is obsolete. The phalanges are wider than 


long; those of the second place being merely transverse, very open V-shaped 


pieces. The ungual phalanges are, as usual, wider than Jong, with a narrow 


distal margin and produced lateral angles. 


Measurements of hind limb. 


M. 
Elevation of the inner side of the femoral condyles ..--..-...-...--- ----+-- 0. 088 
Wiollin @F Gigi dll copuhpk) Apoaceesedeesee 6 SooRGeosocnerd sie bracoeco. 0. 080 
Meng uhyotethenpatell are crtemstcicesicns ce 3 c= 2-20) eniein) qnieistneys «2 ie ale nls > = in)siel-Ininin]2) o1> 0. 110 
PC MRRALNG SANGRE eee scise- 22 etal: Sere cps Se 'a ore adie eee Sees 0. 054 
ILAGyAIIN GE THe WIDE) 5a26 coon SU cocGUO NODE oHoSH aUraresaeacees HoepG= PUaunoDe 0. 284 
Length of the internal malleolus ......--...----.---2-5 ss 222 eens eee eee 0. 015 
iid tho fathe;SAmenc cree ce cecil itns Sees a eee sais ite ees tistereinve o's eisie Sieleleere 0. 038 
Tenah G2? TNS {NN Ey ses cenopns sapseasopSanoocsaede Cos peedaomenaor sldoseos 0. 240 
Width of the proximal face of the fibula..........-........--.----- +--+ + 0. 035 
Wid throteuherdistali faceOr ohne mn bil asics steccets ata ere wins wet wietals wie = mie fate ives: 2i-1~ 0. 040 
Ihensthyotathe;cal caneuMysaccese sss eee -f2 aiece = eet Hopasen seem enacted: 0. 081 
Width at the base of the free portion................-.-. Melacle ere elec 0. O31 
Wuistitin ANNI? casa nouSaD opeboacoonboneDeonoaD DESO GOOS GOSEE OBO CTOan 0. 072 
Width of the cuboid facet of the caleaneum.......-. 2-2. 2.2. 2- seen -wen------ 0.028 
GELS VOUSOteepis stencils ctsioloe = cpetatetotete sala i ake <(etaie = 0.075 
F ee ANLELO; POSLEMON a. sane eeie ai-eicle chaste =e 3OGOSO 0. 050 
EUG: 3 BOs Cnr gas externalgloncitudinalescpecree asters. face. 0. 020 
MedanwWOn SMM Nala seers =e ale elem sl oseloe cranes 0. 036 
Width of the cunei-cuboid facet of the astragalus ...............-.....--2-- 0. 022 
Width of the navicular facet of the astragalus ................ Stars Mais sehsiei=) ais 0. 042 
i MDOLOCL eee sept ep oo cile seis Alen = hae Seis <a j= BARE ), 02 
Fenuihon the ened forte toidetl io Sn 0.013 
Wild thyotathe cuboid ae) stele easier sein enate’s ae ei cise sicie ies cisosee oie '=c 0. 040 
ANLETO; POSLERION socio Soe olaleieonaciessi= o = ot 0. 024 
Diameter of the ectocuneiform traNSVers@r. ewes See ees eeein neces eas 0. 025 
longitudinalbinetvontesseec yt e ace 0. 020 
ANTELOsPOStETION=7~ vie io1= ere sic el slare) « e'<eleietelie ale 0. 028 
Diameter of the mesocuneiform PRU. done asoAdone mice SonmaauObeaee 0. 022 
longibudinalbintiron teeyercioe er ricki - 0.016 
( antero-posterior. ese as: selec sre eae cel: 0. O21 
Wiametersof thes entocuneiform transverse. -)..<-- 1-1. =. <)isce oi ele Sealine = 0. 016 
longitudimallimtinontesac see eet a -isiact <i 0, 025 
Herethyotsthemavicularsim front) see ee orts eter eine ey eee ase verse eee 0. 012 
UPR Gaaa Soh noer cc Sobecioro Had aneCoeneanne 0. 047 
Diameter of the navicular 2 antero-posterior internal. .........-..........--- 0. O44 
! antero-posterior median sees saccce + sees ce ess css: 0. 019 
Meno thor she thirdimetatarsisss: asasce ees nae eee eee ei eieeterice peat (03,065 
Henethrotmthefourthymetatarsus-.- 2... ocme seis eee ieieicevere rete ere. cic cic Sie aici 0. 056 
Menothotechesthemetatarsus! «+ \ <1. icles eee ere cc eisc cites o sec 0. 035 


Proximal transverse diameter of the first metatarsus 
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Proximal transverse diameter of the second metatarsus ........-....-.....-- 0. 021 
Proximal transverse diameter of the third metatarsus..................-.... 0. 02 

Proximal transverse diameter of the fourth metatarsus ..............-...... 0. 027 
Proximal transverse diameter of the fifth metatarsus ...................-... 0. 022 
Distal diameter of theisecond metatarsus/--.-sesseeee eee st eee ee eee eee eee 0. 026 
Distal diameter of, the third metatarsus=-e.- ere eee ees eet eee eeeee dee 0. 028 
Distal diameter of ‘thejfourthimetatarsus!--oeremeeocse ee ote eee ee een 0. 028 
Distal: diameter-of*the fifthwmetatarsus!==-s--eeeeee sees eee eee cence 0. 022 
Length of the first phalange of the third digit...................-....- see ONOND 
Length of the second phalange of the third digit..... ........... Ba nkeieic, sate 0. OLL 
Length of the third phalange of the tbird digit.............. Saceene ec heyatcs 0. 014 
Length of the first phalange of the fifth digit........-.-.--. 2-2 ccceseee sce 0. 013 
Length of the second phalange of the fifth digit (unguis)........-...-....--. 0. 013 
Width of the second phalange of the fifth digit (unguis) -...........------ .. 0.019 


The caudal vertebre indicate a well-developed tail of moderate length. 
Parts or wholes of nine vertebre are preserved, all without neural arch. 
None of them present such elongate proportions as in the corresponding 
parts of the Creodonta or Carnivora, but the stoutest are longer than broad. 
The inferior face of the centrum is characterized by the presence of two 
lateral angles at the posterior extremity, which are connected by a plane 
which truncates the lower surface behind. This surface is concave antero- 
posteriorly. The centra of the larger vertebree are especially characterized 
by the presence of a tuberous transverse process at the superior lateral angle 
of the anterior face, and a short flatter transverse process near the posterior 
extremity, and opposite the middle of the articular extremity. These pro- 
cesses are separated from each other by a deep notch. The anterior 
articular face is subtriangular; the posterior, subquadrate. 


Measurements. k 
M. 
Length of the three median caudal vertebra.............-.-200-eecee ue cee 0. O71 
Length of ‘the first of the three nse seree eee eee eee ee etsaisers 0. 025 
oO 
Disinetor of the anterior teas a] erate ee eee ee 
Diameter of the centrum at the lateral notches....-.. sapateya late a ste aysyet eici= Mteretersie 0. 015 
Lengthiof a more distal. caudalas-.-he ee ee eee eee eee ce eo stayersizicpasieiz setae 0. 02 
Diameter of the articular face of the same...........--..---.-- nis oeieiorstieemte 0. 012 


Diameter of the articular face of a small distal vertebra _.... seer Sadnboooe. USES 
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Coryphodon No. III. 
Plate 1xi. 


The specimen referred to under this head was found at the same time 
and at the locality which furnished the Coryphodon molestus. It represents 
a different individual, and of smaller size than those previously described. 
The bones are moreover characterized by their black color, which, while 
not conclusive as an index of identity (or pertinence) to one individual, 
indicate a similarity of situation, which adds to the probability that such 
is the case. The bones are supposed clavicles, nearly all the elements of a 
right fore foot, broken scapulee and femur, and three tarsal bones. 

The clavicles are the ouly ones obtained in any species of Coryphodon. 
Each one is rather slender and slightly curved. The shaft is compressed, 
with. one edge narrower, so as to give an ovoid section. The extremities 
are considerably enlarged into subglobular masses, with oval cross-section 
and truncate ends. Neither clavicle is preserved entire. The fore foot is 
represented by all the carpals, with the trapezium fortunately attached to 
the first metacarpal, and all the metacarpals with the pollex and third digit 
complete with other phalanges. The carpals present no peculiarities as 
compared with those of other species, excepting that the exposed anterior 
face of the magnum is more transverse. The digits display no marked 
peculiarities. The fifth metacarpal is about two-thirds as long as the third, 
which is nearly twice as long as the first. The basal facet of the first 
metacarpus is squarely truncate; the first phalange is relatively a little 
longer than the corresponding one of the other digits, and the ungual phalange 
is also a little longer; the entire pollex is turned outward, the inner side of 
the two phalanges being a little longer than the outer, the entire digit being 
two-thirds as long as the third, which is a little longer than the second. 

Of the hind foot, only the *caleaneum, astragalus, and navicular remain, 
of which the first two exhibit some peculiarities. The caleaneum is L- 
shaped, but the transverse anterior portion is shorter than the long axis of 
the bone. The posterior free portion is moreover not depressed, as in Nos. 
I and II, but is compressed, although short and swollen at the extremity. 
There is no horizontal surface on the external side for the extremity of the 
fibula. The astragalus is generally like those already described, but is 
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longer, the antero-posterior diameter equaling the transverse. The two 
antero-inferior facets are very unequal, the navicular being the larger, and 
they are separated by a considerable tuberous angle. 


Measurements. 2 
Diameter of ‘the'shait of the:clavicle: 22): 22-22-19. sae > oe = ee a eile 0, 015 
Diameter of the articular extremity of the clavicle .....-. ered cen ate eae ne 0, 025 
Diameter of the glenoid cavity of the'scapula:--- s2s2-0- 5 sen cre tose cine elie 0, 060 
Long diameter (of, thejscapho0idi easy ereaae cee aici Corer eilee eee eter 0, 040 
Long diameter‘of theilunar=cse.ce-e eo aceite se eee ee eee acer 0. 045 
Widthvof theicuneiformi. a. res eee see cies ces ieee er See Sot ODOR 0. 050 
antero-posterior........-.- ao8cc 4 Bracresodoeas 0. 025 
Diameter of the tapas tLADSVETSGac senna siete cleieeeeteeioisie eee eietsto Sse) UOT 
longitudinaltint frontier eieo Shc 0. 022 
. : longitudinalainy front. o- teeters ee eee 0. 021 
Diameter of the trapezium ‘ keto t ny Fe tareie eat ohe tote dees RoI tale Som Peo cre eee ere 0. 020 
Lensthiof theifirst: metatarsals: s-hee eee eee eee eee eee eee eee eer ene eee 0.031 — 
Lengthvof:thesecondsmetatarsalla--e- eee eee eee eee ee eee eee eeee 0. 059 
Lengthiofithetthirdjmetatarsall: eee eee eee eee eee eee eee eee 0. 065 
Lengthiof the fifth metatarsal 222-22 eae ee eee eee eee ere 0. 050 
Length, of: theirstdigiti:2o4.- sacecem eee sc sae oe eee ea eee eee cee 0. 060 
Lengthof -the'third digits Je252 vase eae ciee eos ee eee eee ere eee 0. 107 


It will be observed that this fore foot differs ae that referred to the 
Coryphodon molestus in the less relative width of the fifth metacarpus, 
resembling closely in this respect the corresponding bone in the foot referred 
to No. II. The present animal, although of the same size as No. II, has the 
epiphyses of the metacarpals codssified, while in the latter they are separate. 

Coryphodon No. IV. 
Plate lxii; Plate Ixiii, figs, 1-4. 

This individual consists of loose pieces which I found lying together, 
December the 7th, 1874, and includes lumbar vertebree, humerus, ilium, 
femur, fibula, and astragalus. The pieces are free from distortion, excepting 
the ilium and the proximal part of the humerus, and are worthy of notice 
on this account. 

The lumbar vertebre have the centra somewhat broader than long, and 
depressed so that the articular faces are transverse ovals. The posterior 
face is concave, the anterior slightly convex at the borders, and a little 
concave medially. The neurapophysis stands on the anterior two-thirds of 
the centrum, and its section is a stout oval; the neural arch is capacious. 
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The anterior zygapophysis does not project much beyond the centrum, and 
is concave on its inner face, so that its superior portion looks inward, and 
its inferior portion upward. The inferior surface of the centrum is pene- 
trated by foramina, of which one on each side is conspicuous for its large size. 

The right humerus exhibits a prominent twisted crest, which ceases 
opposite to the point of origin of the external marginal ala. The latter is 
also twisted forward to the external epicondyle, which is as prominent as the 
inner epicondyle, but less abruptly defined above and below. The latter is 
not so prominent as in most of the Creodonta, but both tuberosities are large. 
There is no arterial foramen. The olecranar fossa is wide and deep, but 
not perforate; the radial fossa is shallow. The condyles are hourglass- 
shaped and without ridges; the inner extremity is bounded by a prominent 
acute border; the external is obtusely rounded. 

The left ilium has its thin borders broken away. It is characterized 
by the width of the peduncle and expanse of the crest. The anterior 
inferior spine is an acute crest, as in many existing Ungulates; and there is 
a low tuberosity on the inner side at the superior portion of the pectineal 
line. The groove for the attachment of the sacrum is elongate, and bounded 
by prominent ridges; its plane is not in that of the expansion of the ilium, 
as in many Ungulates, but is oblique to it, so that a section of the ilium 
through its middle is triangular, the line bounding the internal side being 
about six-tenths the length of that bounding the inner side. The rather 
slender pubis has an oval section. 

The distal ends of the femora are undistorted. They show the usual 
smaller size of the outer condyle, and the equal width of the intercondylar 
fossa. The fibula, while of the same diameter as those already described, is 
shorter. The inner face of the shaft is flattened in the inferior two-thirds; 
the external margin is acute. The inferior extremity has the usual expan- 
sion, and is divided into two subequal faces externally by a longitudinal 
angle. The inner face is gently concave, and readily admits of a gliding 
movement on the external convex border of the astragalus, which fits it. 
The superior extremity of the fibula is less expanded. The astragalus 
presents no peculiarities not seen in the other species. Its superior surface 
is a little wider than long, and is very slightly coneave. 
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Measurements. : 
M. 
Lengthiofa lumbar centrums-)-..acece eee eee eee eee eee eee een 0. 045 
Diamoter of the same} vettial cs Me ene 
Diameterof the neural canal ofathesame-s-sseee eee eee eee een eee 0, 024 
Diameter of the humerus ati the: tuberosities--.---22-.-- o.-----2 se sees 0. 110 
Diameterof the humerus at theicreste-s-4 se ee oe oe ee eco eee ae He rerer 0. 055 
Diameter of the condyles of the humerts} srterososterior.. 21.0.1... 0,080 
Transverse diameter of the acetabulum...-..-.... Bis esis al eteion inaiccreace rer 0. 065 
Transverse diameter of the peduncle of the ilium.......... 2.2.2.0... See 0. 076 
Transverse diameter of the sacrallfossae.-.-.).. 22... ase clesece- Jani le eis meet MOS050) 
Transverse diameter of the base of the ischium ..-..........:.......------- 0. 032 
Length from the acetabulum to the sacral fossa...........-......2- Sooudeshe 0. 115 
Diameter of the distal end of the femur ootero-postarion. <0... cscs, 0079 
Diameter of the shaft inferiorly (transverse) ..........-../---..----+------- 0. 048 
Lengthsof the fibular esse eeoeetee ere eee errr Pee eoicahelreerte eee 0. 230 
Transverse diameter of the distal facet of the same .....................-.- 0. 038 
Transverse diameter of the superior face of the astragalus ..... Lhisle'se shox 0. 054 
Antero-posterior diameter of the superior face of the astragalus ............. 0. 040 
Vertical diameter of the external face of the astragalus... ..............--. 0. 016 


This animal was entirely adult. It is marked Y in the field-notes. 


METALOPHODON, Cope. 


Proceed. Amer. Philos. Soc., 1872, p. 542 (Sept. 20); Ann. Report U.S. Geol. Surv. 
Terrs., 1872, 589 (1873). 


Metalophodon armatus, Cope. 
Report, loc. cit., p. 543. 

The only portion of a skeleton which I can refer to this genus is a 
fragment of a large superior canine tooth, which is not sufficiently charac- 
teristic to enable me to make a final specific determination. The crown is 
much compressed, so as to be lenticular in section near the apex, and the 
anterior and posterior edges are acute. A short distance above the apex on 
the exterior side, another ridge rises into prominence, and continues to near 
the base of the crown. It becomes as prominent as the inner or apical 
ridge, and incloses with it a wide and strongly concave groove. The inner 
face of the crown of the tooth is the widest, the outer the most convex. 
The enamel surface is longitudinally minutely ridged striate, the strizx 
turning outward to the cutting-edges. The tusk belonged to a rather larger 
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animal than the type of MW. armatus, and one probably equal to the Cory- 
phodon radians. Its form approached that of the canines of the Dinocerata 
more nearly than do those of Coryphodon. 


Measurements. 

: M. 
MON PeEIaAM CLEMO bab hOnbU S kereter cise s'<saio) ore i'= aio) ociss ar ele sein) ole Sinlcie sie eis cle a's creer 0, 026 
Short diameter of the same..............- Cota ate aa foyaracl ee rerelolers evr secie ee aise 0, 014 
MAM etermo het eranceclors CLOOV.Oer tiers) ore =, =, sicelslstercisiayere ere lex ats o'er ale aysie poe ee O2009 
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This, the second order of hoofed Mammals found in New Mexico during 
the Wasatch Eocene period, was represented by a moderate list of species, 
all of small size. Some of these were very numerous in individuals, so 
that their remains constitute, with those of Coryphodons, a characteristic 
feature of the collections made by the expedition. 


MENISCOTHERIUM, Cope. 
Report Vert. Foss. New Mexico, U. 8. Geog. Survs. W. of 100th M., 1874, p. 8. 


Char. gen.—Molars three, with two continuous external crescents and 
two internal tubercles, except on the posterior, where there is but one, the 
anterior conic tubercle. The posterior tubercles on the other molars cres- 
centoid in section. A well-developed crescent between the anterior tubercle 
and anterior crescent, and an oblique crest extending from the latter to the 
adjacent horn of the posterior inner tubercle. Two external crescents on 
the last premolar. 

This genus presents a curious combination in the structure of its molars 
of the character of Palwosyops, Hyopotamus, and Hyracotherium. It is 
exceptional among the Ungulates of the same fauna in the number of 
crescents of the molars, being the only genus of the American Eocene 
period yet discovered, which we know to possess the crescent between the 
inner and outer anterior tubercles of the superior molars. Such genera are 
numerous in the Eocene of Europe. It is to be regretted that nothing but 
the superior molar teeth of this genus is known. 
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Meniscotherium chamense, Cope 
Plate Ixvi, fig. 18. 
Report, loc. cit., p. 8. 

Char. specif—Last molar with the oblique inner posterior crest termi- 
nating at the posterior margin of the crown. Prominent external ribs. at 
the point of connection of the external crescents of the crown. No cingula; 
enamel entirely smooth. 


Measurements. 
M. 
Length (externally) of the last four molars.............-. SG0doGsonbooKased 0. 029 
Lenpthiofithertrue;molarsyecsearcset eect ee eee iene a siete een eter - 0,022 
Lensthiof the penultimate sa jae oe serie ie reeiiicies soins oiieie ae aia ae aie 0. CO9 
Width ofsthetssmetncrscersecic cin tate cetee oe eae rere error rere Srmosode 0. 010 


This animal was about the size of the Raccoon, and probably had the 
habits of the Tapirs. 
OROTHERIUM, Marsh. 


Amer. Jour. Sci. and Arts, 1872 (separata, p. 26). 


This genus has been heretofore known only from partial descriptions 
of the dentition of the inferior series. In these, it has been stated that the 
fourth premolar resembles the first molar in structure, and that the anterior 
inner cusp of the molars is slightly bifid. I have seen a number of speci- 
mens possessing one or the other of these characters, which are in other 
respects ideutical with the genus Hyracotherium. I find the resemblance of 
the fourth premolar to the first true molar to consist in the presence of two 
tubercles on the posterior part of the crown; in Hyracotherium, there is 
but a single one, which sends an angular cre&8t forward. The bifid or 
double character of the inner anterior cusp is in some instances so little 
marked as to lead me to regard it as of secondary importance in the defini- 
tion of this genus. In the O. cristonense, the cusps do not display this 
character. The genus Oligotomus, Cope, differs from Orotherium in the 
possession of one less inferior premolar, while in the details of the inferior 
molars they are alike. 

In the O. cristonense, the two rami of the mandible display almost the 
entire dentition of those bones. The molars are 4—3, with considerable 
diastemata between the canine and first premolar, and the first and second 
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premolars. The canines are large, divergent, and acute, leaving space 
between them for several small incisors, which are lost from the specimen. 
The symphysis is long and codssified. The first premolar possesses a simple 
crown and a single root; the other molars are two-rooted. The second 
premolar has a low acute heel, and no cusp accessory to the main one; the 
third has a more elevated acute heel, and an accessory anterior cusp. The 
fourth has two posterior cusps, the outer continued forward as a crest, and 
two anterior cusps much larger than the others. In the remaining molars, 
the cusps are subequal; the inner subconical, the outer sending a low 
oblique crest forward and inward. The last molar has a prominent heel. 

A specimen of what I suppose to be the O. vintanum embraces the 
third, fifth, sixth, and seventh superior molars, the fifth, sixth, and seventh 
inferior molars, and numerous bones of the skeleton. The superior molars 
do not differ in their characters from those of Hyracotherium. The crown 
supports four principal conic cusps, of which the external are flattened and 
connected at the base. Between the posterior part of each of these and the 
corresponding inner cusp is a low tubercle, which is more or less united 
with the latter. There is a cingular cusp at the anterior base of the anterior 
outer cusp. The third premolar has two approximated outer crests, and an 
internal one with low connecting ridges. The palate is deeply excavated 
as in other Perissodactyla. 

The humerus of this specimen is a slender bone, much more so than 
the femur, and has a smooth oval shaft. The head is large and much 
incurved; it possesses a prominent deltoid ridge and a wide bicipital groove. 
The condylar fossa is entirely perforate. The trochlear character of the 
condyles is well marked, there being an angular internal marginal crest, 
and a rounded one at the other end within the margin. This is the ‘“‘troch- 

-lear crest” of the more specialized Mammalia, and it is important to note 
that this is the only genus of the New Mexican fauna in which I have 
observed its presence, although it doubtless exists in the three other genera 
of Perissodactyla here enumerated. The external epicondyle is not prominent. 
The head of the radius is a transverse oval without inferior angle, and, in 
accordance with the humeral condyles, the horizontal section of the articular 
face is an open sigmoid. The distal end of the radius is narrow, confirming 
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the impression that the fore limb is lighter than the hinder; it displays a 
quite small face of contact with the ulna. The olecranon is much com- 
pressed. 

The femur is moderately stout, and the trochlear groove for the patella 
is elevated, with the bounding crests subequal. The inner condyle is a little 
more produced than the outer. The external or third trochanter is well 
developed, as are the great and small trochanters. The distal end of the 
tibia has the usual Perissodactyle structure. It presents a well-marked inner 
astragalar groove, and the inner half of the still deeper* external groove, 
which was completed by the lost fibula. The three angular tuberosities, 
external, anterior, and posterior, are well marked; on the inner side of the 
end of the tibia, just in front of the external tuberosity, there is a marked 
tendinous groove. The calcaneum has lost its cuboid facet, but the 
remainder of it nearly resembles the corresponding parts in the Tapir. The 
free shaft is rather elongated and compressed, and is not flattened on the 
inferior face. The inner superior facet stands on a transverse tuberosity, 
while the front of the tuberosity, which was applied to the astragalus behind, 
supports a facet. 

The general structure is Tapiroid. The number of digits remains 
unknown. 

Of the three species known to me, two are about the size of the Red 
Fox, while the third, Orotherium levii, is smaller. 


Orotherium cristonense, Cope. 
Plate Ixv, figs. 13-14. 


Orohippus major, Marsh, Cope, System. Cat. Vert. Eocene New Mexico, U. S. Geog. 
Survs. W. of 100th M., 1875, pp. 20-21. 

Both mandibular rami nearly complete, from the posterior end of the 
last molar to the end of the symphysis, represent this species. The portion 
of the jaw supporting the molars is of moderate stoutness, but the ramus 
contracts vertically in front of the second premolar, and is moderately 
concave transversely between the first premolar and the canine. The 
symphysis is shallow and posteriorly horizontal; its length is equal to that 
of the three true molars. 
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The canines are large and curved, and much produced upward and 
slightly outward from the alveolar border. The crown is subacute, with 
an oval section atthe base, and smooth enamel. The first premolar is about 
equidistant between the base of the canine and that of the second premolar. 
Its crown is lenticular in section, with a cutting-edge fore and aft, and no 
tubercles or cingula. The second premolar possesses a rudimental anterior 
basal tubercle; it has no external basal cingulum. There is a rudimental 
cingulum on the outer side of the heel of the third premolar, and an inter- 
rupted one on the outside of the fourth. The true molars possess an 
uninterrupted basal cingulum on the outer side. The heel of the last molar 
is wide; the root supporting it is continuous with that which supports the 
middle of the crown. ‘The enamel is everywhere smooth. 


Measurements. 
M. 
Length from the incisive border to the end of the last molar.....- -.....-.. 0. 075 
Length from the incisive border to the first premolar...... Seta ualetatascloh taraieactens 0. 020 
Distance between the first and second premolars ..............---..2------ 0. 007 
eno thyotmastXypOSLELIORN OL ALS aeiaiacyeitele ene tere clatale ate locate soa ieloic ayasass io’ visio 0. 045 
Meng thyoteuhreenroewmolarsperrtsence ceisle coco. Micsicitciclelsiccicioce eels ccsielecs « 0, 027 
Diametemohethercanin Open stra Mee ieltiel- ier, tel-d< oi atclonsels ine cratnvoteleieinislos/eeiaie soi, 0. 005 
Width of the fourth premolar posteriorly ............. edeicke ersiekslonsie miele cee 0. 005 
Wrdthrotathesecondttroesmolates.. cevclesriceieleweres. << cic wie = ssieicis ssc cic sissies 0. 006 
ena theo tat henthindeonieem OlAT eer cect terse eets cya i> ov e'oye mucse ois cleie/e a e:cveien eiarew'e 0. 0116 
Wadthvofethe Sam Grae es - = raleiotesele 22) cte)e) c/ajets sielate lar Sie jshais. disicisicws. of orejesy« Sie etee ay 0. 0055 
Depth of the ramus in front of the first premolar..........-.-.....-.--..-. 0. 009 
Depth of the rains at'the first true molar ©... -- 2... ene cee eee ent oe es 0. 015 
Width of the symphysis at the front of the diastema ... .......- Pes eictee 0. 014 


The simplicity of the anterior inner cone of the molar teeth distinguishes 
this species from the two that follow. 


Orotherium vintanum, Marsh. 


Plate Ixv, figs. 1-12. 
Amer. Jour. Sci. and Arts, 1872 (separata, p. 26). 


In the specimen of this animal already alluded to in the description of 
the genus, the true molar teeth of both jaws with numerous bones of the 
skeleton are preserved. These I found lying together at the base of a 
bad-land bluff, and as there is no admixture of incompatible fragments, 
and every appropriateness in the association of the pieces, I conclude that 
they are portions of one and the same skeleton. The superior true molars 
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and the third superior premolar are marked with a continuous cingulum on 
the front, inner, and posterior aspects of the base of the crown. There is 
a distinct cingulum on the external base also, but it is interrupted between 
the bases of the external cusps. The anterior ridge connecting the inner 
with the outer cusps in the third premolar is modified into a stout, low 
tubercle. In the inferior molars, the inner anterior tubercle is stouter and 
more elevated than the others, and is connected with the outer anterior by 
an elevated yoke. In this point it is quite different from the O. cristonense. 
In this specimen, the heel of the last inferior molar is unusually small. In 
the molars of both jaws, the enamel is rather rugose, except on prominent 
surfaces, where it is smooth. 

In the femur, tibia, and humerus, the absence of lateral curvatures isa 


noteworthy feature. 


Measurements. 
M. 
Length of the'saperior traepmolarsenc->: «scene cece eee eee ee ee 0. 023 
Leucth, of theJastisuperiormolar,.:. creo) oete eter ssehe stds spaueineecss 0. 007 
Leneth of the: pentltimate molaricccse soc cone:onieils eos sins ste isicie sine isle e eee 0. 008 
WiidthyvoRtheisamiors sc Set cce ere tante x atari ene atereetteem et etstetete Stee Os ULO) 
Blevationsofetheisam Ge. cise. «seid stews tepomro cae ele nieces ote eee aete ae 0. 006 
Lepgth of the third premolar.............-- Soe Heo Aca OU GORD OOS ONO Iee --- 0.0064 
Wadthtof thessam6; 252s sacs cose c oactaes sOere ecole pee omits eee cence 0. 0070 
Lengthiof the: penultimate lower'molar ss. ---2-se- ee eeee meee sane eee 0. 0084 
Wadthlof; theisam@se- o---n cere ore eee ABEORO AUG CODE CES GBC EOS VASE 0. 6055 
Lengthrof the thirdilowermolanssc- oe ses eee eee eee eree eee 0. 010 
Width of thejsamez.s fice. secre we ee ates tts ene eee eee heen eee 0. 006 
Length of the femur from the little trochanter:..........-.--..- ApEn po Caso 0. O77 
Antero-posterior diameter of the femur at the same....... pee Bae ISS son OS WL 
- Transverse diameter at the middle of the shaft.......--.. a ohm aiepete cists Mees ec erete 0.010 
Transverse diameter of the head 22). ose ecs dase ce access coce cee ee 0. 011 
Transverse diameter atithe condylesno-r case o see eee eee eae ee eee 0. 021 
Antero-postertor diameter’at the condyles*<- -)- = 2-2 a= ee ees ele 0. 0235 
Transverse’ diameteriot thestibiasatjthesmiddle’-2-.—. eee eee ec eeece mene 0. 009 
Transverse diameter of the humerus at the middle ..... 55" ObsquaucUSSOsa6 0. 008 
Transverse diameter of the trochlear surface of the humerus......-.-.-..-. 0. 012 
Transverse diameter of the kead and deitoid crest of the humerus .....---.- 0. 021 
Transverse diameter of the head of the radius : -.- 22- <2c2--rs-c-ceses-s-4 OS OL 
Transverse diameter of the distal end of the radius.........-..-.-.-.---s-- 0. 010 
Vertical diameter of the distal end of the radius -,.--..---------.2<- --- se 0. 006 
Transverse diameter of the distal end-of the tibia ..-............-....---- 0. 012 
Autero-posterior diameter of the distal end of the tibia.................-.. 0.009 
Length of calcaneum from the front of the inner tuberosity -.........-...-. 0. 027 


Depth ofvtheishaftiof the calcaneum ce. -o) seasons eee eee 0. 0085 
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A fragment of the left mandibular ramus of another individual supports 
the last two true molars. The last molar has a short heel with dentellated 
margin on the inner side, and oblique ridge connecting it with the external 
cusp adjacent to: it. Both molars possess a well-marked external basal 
cingulum, and an oblique ledge descending inward from the external 
anterior cusp. The penultimate molar exhibits a posterior cingulum, which 


presents an angele upward. Enamel slightly wrinkled. 
I to} 5 y 


Measurements. 
M. 
Length of the last inferior molar. ......-- Ey acute, See n= Teal aterm Sista sma ete 0.0110 
Wii dthyote un evsamenn TON ties cys Soc. c oer ays anes) ss Spee era) -7relainae - 0, 0055 
Elevation of the same in front ........-.......----.- B diehavs siciarsveevsicleu elevate 0. 0055 
Length of the penultimate inferior molar .........-- ere TESS S Ota Sa ae 0. 0080 
Wild Gling febhersamm Ou Metron Girt areas on ege Satie ve ops ehcisialcjaleicie ey we ore ered iol ta 0. 0055 
Depth of the ramus at the anterior part of the last molar ...............--. 0. 0170 


Orotherium lcevii, Cope. 


Plate lxv, figs. 15-17. 


Represented by a portion of the left mandibular ramus supporting 
three premolars and two true molars, and probably by a similar portion of 
the right ramus which accompanied it, and a portion of the right maxillary 
bone, bearing the second and third premolars, also found with it. These 
fragments belonged to an adult animal of smaller size than either of the 
preceding. The crowns of the molars are so worn as to render it impossible 
to decide on the character of the inner anterior cusp, but the fourth pre- 
molar possesses the inner posterior cusp characteristic of the O. cristonense. 

The fourth premolar has two subequal elevated anterior cusps, with a 
pronounced basal tubercle in front, and no external cingulum. The true 
molars have a well-marked anterior ledge, and posterior median tubercle. 
There is an external cingulum between the cusps, but whether completed 
round the bases of the cusps is not certain from the amount of attrition 
which they have undergone. No trace of cingulum on the inner side; 
enamel smooth. 

The base of the first premolar is a wide triangle with the base posterior. 
It has an internal but no external cingulum; the crown consists of a single 


cusp with an obtuse posterior cutting-lobe. The second premolar possesses 
17GR 
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a greater transverse than longitudinal diameter, and exhibits two approxi- 
mated external cusps. There is a single strong internal cusp, and a smaller 
cusp intervenes between it and the anterior external angle. The entire 
base of the crown is surrounded by a narrow cingulum: Enamel nearly 


smooth. 
Measurements. 

Length of the bases of the second, third, fourth, fifth, and sixth molars... .. 0, 0285 
Length of the crown: of the fourthyprem olatcc.--.c1o-ileisieiee)winiein ieleleiei~ ic -taiaie 0. 0055 
Width*of the crown’ of the’same=-- 2.2 2/<- eevee cess Sndoesuuccesnenss  UhUNss 
Length of the crown of the penultimate molar ........--.._-.... Rees e.-- 0,0065 
Width of the crown. of the'same.--- 2... :-- 0-22-10 Sislers"ine Siais Siejetetereeteietate - 0.0050 
Depth of the ramus at the penultimate molar .......-....--...-. 2-0-2220. 0. 0150 
Depth of the ramus‘at the second premolar)-2- 5-2... wee ee emeiclaccicieesicie 0. 0120 
Length of the crown of the third superior premolar ....................--- 0. 0050 
Width of ‘theicrown;of the:same faces i<ear-e cleo seeieierse tet taeeieeitor eter 0. 0060 
Hlevation ‘of the! crown’ of theSame es aoc cc ers oo een oi irclele: )-72 ee arom eraaitaietey= 0, 0035 


This species is dedicated to Oscar Loew, M. D., chemist and mineralo- 


gist of the United States Geographical Surveys West of the One hundredth 
Meridian. 
HYRACOTHERIUM, Owen. 


Hyracotherium, Owen, Transactions of the Geological Society of London, 1841, pp. 
203-208 ; British Fossil Mammals, p. 419-425.—Gervais, Paléontologie Fran- 
caise. 

Orohippus, Marsh, Amer. Jour. Sci. and Arts, 1874, p. 247 (with description); 1. ¢., 
1872 (name only). 

This genus is a characteristic type of the Lower Eocene, and has many 
near allies. Such are Rhagatherium, Pict., Lophiotherium, Gerv., and others. 
Like the former, the first premolar is separated from the second by a dias- 
tema, but, in Rhagatherium, the second and third premolars of the lower jaw 
present three cusps in a single series, a character which distinguishes it at 
once. The mandibular teeth are identical in structure with those of Lophio- 
therium, with the exception that in that genus the first premolar is part of a 
continuous series, while, in Hyracotherium, it is separated by a diastema 
from the second premolar. In comparison with Orotherium, I find that the 
last premolar is different in structure from the first true molar, while they 
are alike in the last-named genus. The anterior inner tubercle of the molars 
is simple in Hyracotherium, double in Orotherium. The superior molars 
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described by Leidy under the name of Hipposyus strongly resemble those 
of Hyracotherium, but belong, as I now believe, to another genus. The 
inner cones are always distinct in Hyracotherium, but confluent in Hipposyus ; 
the latter also lacks the posterior median tubercle. 

Two species of Hyracotherium have been described by Owen from the 
London clay, H. leporinum and H. cuniculus, and a third has been discoy- 
ered in the siderolitic beds of Vaud, the HZ. siderolithicum of Pictet. The 
species of both continents differ among themselves in the relative degree 
of development of the median tubercles of the superior molars, being in 
some almost conical, in others subtransverse. The former character is 
seen in the H. cuspidatum, Cope, and, according to Professor Owen’s figure, 
in the H. leporinum. very intermediate form can be observed. 

The affinities of this genus have been variously interpreted, but its 
original reference to the Perissodactyla by Owen is rendered certain by the 
discovery of the structure of the astragalus in the H. tapirinum, Cope, and 
of the limbs in the closely-allied genus Orotherium (see page 253). If, as I 
suspect, the Orohippus of Marsh is identical with Hyracotherium, the struct- 
ure of the feet described by that writer as belonging to it is also conclusive 
evidence to the same effect. 

As regards the closer affinities of Hyracotherium, Professor Owen re- 
marks (Paleontology, p. 329, 1860), in describing the nearly-allied genus 
Pliolophus: “ Pliolophus and Hyracotherium form a well-marked section in the 
Lophiodont family, which seems to have preceded the Palotherian family 
in the order of appearance, and to have retained more of the general Ungu- 
late type than that family. This is shown by the graduation of the Tapiroid 
modification of the molar teeth into one more nearly resembling that of the 
Anthracotheria and Cheropotami; by the absence of the postero-internal cone 
on the ultimate premolar, by which all the premolars are, as in Artiodactyles, 
less complex than the true molars; by the form and position of the nasal 
bones; and by the structure of the external nostril.” Professor Owen ex- 
presses the opinion that Pliolophus has three digits on the hind foot. 

In a paper ‘On the Primitive Types of the Orders of the Mammalia 
Educabilia”,* the writer pointed out (p. 7) that the type of the inferior molar 


* Proc. Amer, Philos. Soc., extras, May 6, 1873. 
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teeth of Oligotomus and Orotherium, two genera nearly allied to Hyracothe- 
rium, require but slight modification to present the forms of later Perissodac- 
tyle genera. These are, on the one hand, Pal@osyops and Paleotherium, 
where the inferior molars present two V’s, and on the other, Hyrachyus and 
Tapirus, where they present two cross-crests. In a diagrammatic scheme in 
this paper, I placed Oligotomus, Cope, in ancestral relation to the Equine Pe- 
rissodactyles on the one hand, and the Artiodactyles on the other. I have 
since shown that it is probable that the ancestral type of the Artiodactyles 
must be looked for in a genus possessing a less specialized character than 
Oligotomus, of the order Amblypoda.* 


7 


The probable ancestral relation of Hyracotherium (‘‘ Orohippus”) to 
Anchitherium and the Equine series was first asserted by the writer in a 
phylogenetic diagram published in the Annual Report of the United States 
Geological Survey of the Territories for 1872, issued early in 1873. In the 
text, the following language is used: ‘An interesting annectant form is seen 
in Orohippus procyoninus, where the two intermediate tubercles which sepa- 
rate the inner cones from the outer V’s in Limnohyus, are so developed as to 
constitute parts of an incomplete pair of transverse ridges, which disappear 
in front of the bases of the outer V’s. They represent the oblique crests of 
Paleotherium and Anchitheriwm, and thus tlie genus Orohippus (Hyracothe- 
rium) furnishes a station on the line from Paleosyops to the Horses.” Near 
the same time, Professor Marsh observes, under the caption of ‘ Orohippus”: 
‘“‘ Additional specimens of this genus fully justify its separation from Anchi- 
therium, and likewise show that it holds a most interesting intermediate 
position between that genus and the less specialized Mammals of the Pal@o- 
therium type.’t 

Later, { the writer traced the modifications in the structure of the molar 
teeth necessary in the course of descent from Hyracotherium to Equus. 
Atter quoting my comparison of the former genus with Anchitherium, 
from the Annual Report above cited, I continue: “A greater longitudinal 


*Types of Molar Teeth of Mammalia Edueabilia, March, 1874, p. 21; Relation 
of Man to the Tertiary Mammalia, Penn Monthly, December, 1875. 

t Amer. Journ. Sci. and Arts, May, 1873. 

t Homologies and Origin of the Molar Teeth in Mammalia Educabilia, March, 
1874, p. 14. 
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extent of these ridges or longitudinal expansion of the tubercles in the 
molars in both jaws, the oblique connections being still retained, gives the 
type of Equus. The elevation of the tubercles and deepening of the 
valleys give us the Selenodont type of superior molars again in this genus; 
while the lower molars only differ from that type in having the crescents 
alternate instead of opposite, forming the Hippodont pattern. There can. 
be little doubt that the line of the Horses comes through Hipposyus (Hyra- 
cotherium) from the Bunodonts, rather than through Palgotherium, as sug- 
gested by some writers,” e. g., Huxley and others. 

I have not been able to ascertain the number of the digits from my 
specimens, but, according to Marsh, some of the species observed by him 
possess four on the anterior limb and three behind.* It has been shown by 
various authors that, as we extend our view backward in time, the number 
of digits in the series of Equine Perissodactyles increases; the modern one- 
toed Equus and Pliocene Hippidium having been preceded by the Pliocene 
Hippotherium and Miocene <Anchitherium, each with three toes. Hence, 
Marsh has supposed* that the four-toed Hyracotherium (Orohippus) is the old- 
est ancestor of the line. This conclusion was published contemporaneously 
with my remarks quoted in the preceding paragraph, and is confirmatory of 
the position which I had taken the year previously. Finally, in Marsh’s 
article, it is observed that ‘‘an earlier ancestor of this group, perhaps in 
the lowest Eocene, probably had four toes on this foot, and five in front. 
A still older ancestor, possibly in the Cretaceous, doubtless had five toes in 
each foot, the typical number in Mammals.” In my essay “On the Ho- 
mologies and Origin of the Molar Teeth, ete.”, of the same date, it is observed: 
“T trust that I have made it sufficiently obvious that the primitive genera 
of this division of Mammals [i. e., Hducabilia] must have been Bunodonts 
with pentadactyle plantigrade feet.” 

In a former essay, I alluded to the New Mexican species of this genus, 
under the name of Hipposyus,t on account of the close resemblance between 


* Amer. Journ. Sci. and Arts, March, 1874. 

t March, 1874. 

{ Report on Vertebrate Fossils discovered in New Mexico, 1874, p. 4 (U. S. Geog. 
Survs. W. of 100th M.). 
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their superior molars and some of those called by the latter name by Dr. 
Leidy. As the teeth last described by Dr. Leidy under the name of Hip- 
posyus probably do not belong to the animal first referred to by him (and 
therefore to be regarded as the type), but to the one afterward named by 
Marsh Orohippus, I subsequently described similar species under the latter 
head. But no characters have, as yet, been pointed out by which to dis- 
tinguish the latter from the genus previously described by Owen, whose 
name I therefore adopt. 

Next to the species of Coryphodon, those of Hyracotherium are most 
abundantly represented by individuals in the Wasatch beds of New 
Mexico. ‘They were doubtless the predominant type of omnivores, and fur- 
nished food for the numerous cotemporary Creodonta. The jaws and teeth 
are far more frequently found than the bones of the other parts of the skel- 
eton, and, as usual, the rami of the lower jaws are the most numerous. 
The characters observed in the latter indicate, seven species, which differ 
very materially in size and proportions, but agree closely in general char- 
acters. They may be distinguished as follows: first, by their mandibular 
bones and teeth; and, secondly, by their maxillary teeth. 


Mandibles. 

Largest; last molar, 0™.014 in length; ramus, 0™.020 in depth at the last 

premolar; molars with a produced ledge in front .-..-.....-....- tapirinum. 
Large; last molar, 0™.012; ramus, 0.020; ledges not prominent..-....-. vasacciense. 
Last molar, 0".011; first molar, 0".0087; ramus, 0™.0127; second and 

thirdipremolars yO D015 ey vevsiacterote elota= ste store sich elereteehelai eet eewaainnetars sylvaticum. 
First molar, 0™.0065; ramus, 0™.0130; second and third premolars, 

(SH DIS hans IRR. oe Aer chm ere le SGmo ei tas aACosd MS DOOLE angustidens. 
First molar, 0".0059; ramus,* 07.0115; second and third premolars, 

isk Uo] UN eee eae oy Bee Coch Aa tes apocce Gop OObObOd Go 605 index. 


Superior molars, 


Neither external nor internal cingulum of the crown........-........> ? species. 
Cingula weak, interrupted; a vertical crest between the external lobes. precyoninun. 
External and internal cingula present, but the internal weak ...-......- angustidens. 
External and internal cingula very strong; enamel rough, vasacciense. 

anger’; outer cusps flattened a=... 4. Aen eee eeeneeeieleniete agile. 

Least species; outer cusps conic and well separated ..-........... cuspidatum. 


*The measurement 0™.020 in the Systematic Catalogue of the Vertebrata of the 
Eocene of New Mexico, p. 20, is an error. 


G 
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It is evident from the above tables that I am not certainly acquainted 
with the superior molars of H. tapirinum, H. index, and H. sylvaticum, nor, 
with the mandibular teeth of H. procyoninum and H. cuspidatum. I have 
however, numerous teeth, which are not associated with those of the oppos- 
ing series, and which doubtless cover nearly the entire ground of compari- 
sons. 

It would have been desirable to have compared specimens of these 
species with the types of those described by Professor Marsh, which belong 
presumably to Hyracotherium. But I have been precluded from access to 
his collections by circumstances beyond my control. On application to 
Professor Leidy for similar facilities with his own types, permission was 
granted, with the accompanying information that the larger portion had been 
lent to Professor Marsh, so that they also have been inaccessible to me. 


Hyracotherium tapirinum, Cope. 
Plate Ixvi, figs. 12-16. 


Orohippus tapirinus, Cope, System. Cat. Vert. Eocene New Mexico, U. 8. Geog. Survs. 
W. of 100th M., 1875, p. 20. 

Represented by mandibles with teeth, of five individuals, which exeeed 
in size those of the species heretofore known, being larger than the smaller 
Hyrachyi. The opposite cusps of the molars are not separated by so deep 
a notch as in some of the other species, while the oblique ridges extending 
forward from the outer tubercles are well developed; the same is true of 
the ridge which extends from the prominent heel of the last molar. The 
anterior ledge is horizontal, and is bounded by a ridge which descends from 
the anterior external tubercle and becomes transyerse. It is less marked in 
all the other species. Enamel nearly smooth. The external cingulum is 
very faint on the last molar, but becomes more distinct on the anterior 


molars; none on the inner side. 


Measurements. 
M. 
Length of the bases of the last two molars (No. 1)..........-. Sco beeasnemaas 0. 025 
Length of the basis of the penultimate molar .......... 5 SOO RDA SCOS ASE OUOE 0. 011 
Width of the basis of the penultimate molar... ........-.eeecceeeeeee ee see. 0.008 
Depth of the jaw at the penultimate molar .....- 2..... cence cneccecs soenee 0.022 


Depth of the jaw at the last premolar (No, 2)....,......-. eestotateicteisiabsiniminisie.s = 0. 020 
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Hyracotherium vasacciense, Cope. 
Plate lxvi, figs. 7-11. 


Orohippus vasacciensis, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 21. 


Lophiotherium vasacciense, Proc. Amer. Philos. Soc., 1872, p. 474. 

Ten individuals from our collections are referred to this species, some 
of which embrace portions of both jaws. 

Selecting as type a left mandibular ramus which supports the five 
posterior molars (the last broken), it may be observed that the third pre- 
molar has a strong median cusp, with a small accessory one on its inner side, 
and a similar one immediately in front of it. The posterior base of the 
crown is expanded, and supports a single obtuse cutting-edge of little eleva- 
tion. The only cingulum of the tooth bounds the outer and inner sides of 
this part of the crown. The fourth premolar is similar, except that the two 
median cusps are subequal, the anterior one much reduced, and the general 
form stouter. It differs from the first true molar in the presence of a single 
posterior low cusp, which connects with the anterior by an oblique ridge. 
The opposite cusps of the true molars are well separated by: fissures, and 
the anterior ledges are but slightly developed. External cingula well 
marked; enamel wrinkled where not worn. 


Measurements. 
M. 
Lensthy ofthe dive: posteriorsmolars) 2: scmecc tee ee eee e ee eee 0, 044 
en othrof: the last itwoupremolars! 3-22 22 no see wets oo elaine Wee ete eee cele 0. 013 
Lengthrofsthe last twommolarsi: = 222 oe src- sel oain seit cob counosebbsanqees 0. 022 
Length of the penultimatemolaria. 22 ais5-5 3 eee ioe aise sree te are 0. 0085 
Width. of theisames-—---- =... ---- I Soon Sb qesO ceo omeLesaodedkeGdddeds 0. 0070 
Depth of the-ramussatithe last ipremolar 240-1.) 1\-sooe lee ee eee 0. 0200 
Depth of the ramusiatithelast-molarse-2-sece ee arene eeeeere ee cece eee 0. 0220 


In a specimen with the last two superior molars, the rather coarse 
wrinkling of the enamel is visible on the external face, although the teeth 
are well worn. The external tubercles are compressed cones connected by 
aridge at the base. The accessory anterior external cusp is moderately 


developed. The cingula are distinct, but not prominent, on both the inner 
and outer sides. 
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Measurements. 
M. 
Length of the last two molars .............. dhticcgod bab come nod oa aaa eo nenC 0. 0160 
Length.of the penultimate molar .< 2... 26.22 te ccc teres eo cwae pceeise ce ce ee els 0. 0085 
WiidthvofatheiSaMe seri. cp wre tome 4 a 2 els om eeiotelor saleisicis ie icjemts Gisele sissies ws 0. 0100 


This species resembles the /7. tapirinum in the robustness of the jaws, 
but the teeth are materially smaller. I originally discovered it in the 
Wasatch beds of Bear River and Black Butte, Wyoming; the other species 
from the former horizon (#7. index) has not yet been detected elsewhere. 

Hyracotherium angustidens, Cope. 
Plate Ixvi, figs. 1-6. 
Orohippus angustidens, Cope, System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. 
W. of 100th M., 1875, p. 22. 

A number of jaws were obtained which resemble in general propor- 
tions those of the Hyracotherium index, but differ in the greater length of 
the series of the premolars. These teeth are nearly as large as the corre- 
sponding ones in H. sylvaticum, but the other teeth and the ramus of the 
jaw belong evidently to a smaller species, and one near to the least forms 
of the genus. 

Selecting for description a portion of a ramus which supports the last 
three molars, we observe the close resemblance between the latter and 
those of other species. The anterior ledge and posterior median tubercle 
are little developed; the oblique ridges are well developed, and the heel of 
the last molar elevated. The molars have a strong cingulum on the outer 
side, and the enamel is slightly rugose. The ramus is slender. 


Measurements. 
M. 
Length of the bases of three true molars ...-....-.---.---.----------- eee): 0. 024 
Length of the penultimate molar. ......-.-...-.--- +--+ 22 ee eee ee ee ee eee 0. 007 
Nid hrofethersames oe tsar stetecthetetete clare mre isleley eroererre ein ieiein ae paad ome 0. 005 
Depth of the ramus at the last molar..........- 20. .522 ssee- see eee Sees me ONO125 


In another specimen of about the same size, the bases of three premo- 
lars are preserved, and-measure 0.016 in length. In another, which sup- 
ports the crowns of the third and fourth premolars, the characters are well 
displayed. The third has a short cusp on the posterior heel, and a sharp 
cusp on the inner side of the principal one. There is a rudiment of an 


anterior basal cusp. The anterior cusps of the fourth premolar are equal, 
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and the angle of the outer descends to form an anterior basal cingulum, 
There is no trace of the inner posterior cusp which is seen in the genus 
Orotherium. External cingulum scarcely a trace. Enamel nearly smooth. 

The most instructive specimen includes both maxillary bones with six 
molars, and fragments of the mandibles with the posterior three molars. 
The second premolar has two external cusps, without ridges’on the outer face, 
and the inner face slopes inward, without internal cusp or lobe; the base 
is a little longer than wide, that of the other molars wider than long. On 
the true molars, there is a strong continuous external cingulum, but that on 
the inner side is only present between the lobes and as a faint fold on the 
base of the anterior. The external cusps are strongly convex on their outer 
faces, but are not ridged, nor does any ridge interrupt the deep valley 
between them, as in the H. procyoninum. The intermediate cusps are dis- 
tinct, but weak; the enamel is nearly smooth. The penultimate molar is 
the largest. In the lower molars, the external cingulum is well marked, 
and there is none on the inner side. The last molar is rather shorter, and 
the ramus a little deeper than in the specimen first described. 


Measurements. 
M. 

Inengthiof the last: three mfertor molars) oc. ee .clee oie:<laeaiaia cela neeterealeaielefeievelore 0. 022 

Length of the last inferior molar....-.... LAdisetS sac sbosdasesdeusne Ganuced 0. 009 

Width of thedlastilowerimolar Secmctsts resis tachtetecrstel areca teleletetonesiattartatanay eter 0. 0055 
Depth of the ramus at the first molar.. .... sHogdds bob Gubadsopodasanchocte 0. 0155 
Length Of-sixisaperiorsmolarse sac. mine eats oicte stale alelelors olaistareveloteie aia ieiaeiatereeiee 0. 0380 
Length of the second premolar .........- BeOO BOO Od Done Coat Sand Dod code 0. 0055 
Width ‘ofthe samo cra crse sais acters visnie oloaiole=tataeeletodeniattsieie 1s roars a repeeee 0. 0045 
Length of'the'thirdspremolar <<. = sess caem acest oie seo eae eile 0. 0048 
Width) of the:sam e sjicerctere orci arcler= oh lcottclateiat-atefaiaet tote atclete ste otetsenc tote terete 0. 0065 
Length’ of the:penultimate molars s<7-:-12 cielo! <1e1e)s1 lot eee tea Swverctelers 0. 0671 
Width ofthe same: 22... scisises oeclere se ejaiet ap de Bose u405 500d cb0E BOOSORUSSS 0. 0088 
Length of the last molar:.< 2.12 setae seteanis sereteros ano echo leis eee eee era 0. 0070 
Width of thesame-e 023 ans eee eect eee eee SG0N0E 5 be Hose 0. 0071 


Some of the specimens now referred to this species ] formerly supposed 
might belong to the H. procyoninum,* but the discovery of the superior 
molars of the H. angustidens has enabled me to make a direct comparison, 
which reveals marked distinctions. 

* Hyracotherium procyoninum, Cope.—Helotherium procyoninum, Cope, Proc. Amer. 


Philos. Soe., 1872, p. 466 (August 3); ? Orohippus pumilus, Marsh, Amer. Journ. Sci. 
and Arts, 1872 (August 7). 
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This was evidently a very abundant animal during the Eocene period 


in New Mexico. 
Hyracotherium agile, Marsh. 


Orohippus agilis, Marsh, Amer. Journ. Sci. and Arts, 1873, p. 407. 


Some superior molars agree in size and other characters with those 
noticed by Professor Marsh under the above name, so far as I can ascertain. 


Hyracotherium cuspidatum, Cope. 
Plate Ixv, fig. 18. 


Orohippus cuspidatus, Cope, System. Cat. Eocene New Mexico, U.S. Geog. Survs. W. 
of 100th M., 1875, p. 22. 


This is the least species of the genus known to me, and is known espe- 
cially from a portion of the left maxillary bone, which supports the first and 
second true molars. Other separated molars of the same character are not 
uncommon, and probably belong to the same species. 

The molars are characterized by their regularly quadrate form, the 
anterior external angle not being produced as in most of the species. The 
first is also as long as broad, and is not narrowed as in others. Both molars 
are entirely surrounded by a strong cingulum, which is not interrupted on 
the inner side of the crown, and rises into a low accessory cusp at the ante- 
rior external angle. The tubercles of the tooth are conical; the outer circular 
in section, and slightly connected by a ridge at the base. The median tu- 
bereles are well separated from the interior, and are conical, thus differing 
from other species. ‘The enamel is coarsely rugose. The malar ridge over- 
hangs the maxillary face in a marked manner. 

The specimen described is a portion of an adult animal, and the crowns 
of the teeth are not much worn. 

HYRACHYUS, Leidy. 
Leidy, Report U.S. Geol. Surv. Terrs., i, p. 59.—Cope, Ann. Report U.S. Geol. Surv. 
Terrs., 1872, p. 594. 
Hyrachyussingularis, Cope. 
Plate Ixvi, fig. 17. 
System. Cat. Vert. Eocene New Mexico, U.S. Geog. Survs. W. of 100th M., 1875, p. 19. 
Represented by the maxillary bones and teeth of two individuals, one 


of which includes those of both sides of the cranium, with the molars and 
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last two premolars. In size, this species is less than the H. nanus, the 
smallest of the genus. The third and fourth premolars have two transverse 
crests each, of which the anterior forms the border of the crown, and the 
posterior marks its middle. The supernumerary cusp at the external anterior 
angle of the crown is well marked in both premolars and molars; the pos- 
terior transverse crest of the molars is less elevated than the anterior as it 
approaches the longitudinal cusps. The latter are well joined together, and 
are strengthened by an external vertical rib, which extends to the apex. 
There is a weak cingulum on the anterior base of the crown, which passes 
round the inner base of the anterior internal cone, but is wanting at the base 
of the posterior, and very weak on the posterior and exterior bases of the 
crown. Enamel smooth in young as in old teeth. 


Measurements. # 
Lengthiofstive posterior MOlars eee enter < eee teeters eel testers eer 0. 0330 
Length: of-the third premolar 2-2-2 5-1-7 ste seleiersiel =e Bios olasnee thelist sels e 0 0054 
Width: ofthe samo /e ec 7-2 once eras os ee ere re er reepe teva i aietel ott ate efoisiougs eyeFar= .--- 0.0056 
Ubéngth-of, thesecondstruepmolancsees ecco ce aan eee eters eee ts 0. 0080 
Width of the'same se cccme cine ce stele eee sree ersten eater sete nee neete re eeacirtere 0. 0100 
hen ethiorbhree trae m OlAvshs-yarcv< aioe oa cetoien etches et-l=/oretete savers tet ee= SHanSoSuG 0. 0220 


This species is, as observed in my preliminary report, the only repre- 
sentative of the numerous Hyrachyi of the beds of the Bridger formation. 
In my exploration of this horizon in Wyoming, I obtained remains of six 
species in great abundance, so that the existence of a single small species in 
few individuals, constitutes a marked feature of the New Mexican Eocene 
fauna. The absence of Pal@osyops, a genus perhaps still more abundant 
than Hyrachyus, in Wyoming, adds to the evidence in favor of the belief 
that the difference between the faunze of the respective localities is due to 
something more than the peculiarity of geographical distribution, but points 
to diversity of horizon: or time, as is, indeed, sufficiently indicated by the 
study of the stratigraphy in Wyoming. There the Green River beds con- 
tain the same fauna as those under consideration, and underlie the Bridger 
formation. 


REVIEW OF THE CHARACTERISTICS OF THE VERTE- 
BRATE FAUNA OF THE WASATCH EOCENE OF 
NEW MEXICO. 


In the preceding pages, the species described are related in the 
following manner: 


JVIFAUNTMATIS TAME ee eysre enamine sieeve) = = oceania par aye oto clave rel ol nafersi nics) Aavadonerate det osicee Oe 54 
Perissodactyla..--isce= oso sec ene vee ce ccc s mele d obese et ebienmaa ects 10 
PAID yi PO dee eteset ee eels sere ciesie es siete stile eaves es ege fe niasie eye 8 

FPANCORONTA aes aistse eee cee etter aioe SR oak. areysreleisterd ies arate ce 8 
In CertwySedisixcreyr ace mens se aciet = aaron oishoveieteseiee ee el See pe ee 3 
SUN OUNETI Ase Sch aot trac See eee Tene lelens 2s ta hte te en ttae sents een eiaiaieateans 30 
ORF SAA SA RCGaS BODHI EAT OCHA EE GH ran ae Be a Fe ie ise 13 
WUC Rap aos Si ae DORE OCA OEE Braid Sais Mose chcears il 
Pee SCCULU ONO Prater eee otro SNE BE Vena HEE ee is 2 
RENTON ORGS aatee ene cinerea eee 2 ere ale ee eles beri 4 
ROUEN Gla mare erro ee eer ati syste aiaioie oo Slee slays iciats - ahave eucicieie coeree ek are 3 

ANVINS) oso StRe Soe toon DOH ES OSCOO Nea Dt COCO S eee eee eer eames 1 

J EADY DU EGU OS eh NB ea i Ne cae 24 
WrOCOG Arey sepacie cic sistevelste cists ake eeele ote ema as Sleek: stone nis coh az 6 
Meshucdinataere pierce oe acess re oat coker ican Se ee Oc ksooer bees 16 
Macertilians-rcrewerece yee aes yah a SV a ayenar es trate since aienicnn aia wisious 2 

IPISOHS Wactverarottavectets cere titoctaetaystasiece oeitccdse te ceinthon lates ciertinche eagten 8 
Ginglymodits3. 2... asc nears hare atelselsays ot eyayaqeras efetrersicie onete/e 2 
JB AVEO ONL soccca Hens oops sganpdao Weudeacscene aoa ate ote Pein aciaysinnece 6 


This total number of eighty-seven species may be considered in two 
aspects, viz, in regard to their geological position, and their anatomical 
structure. 

I. The geological horizon of the Wasatch beds—The record preserved 
in these beds is doubtless more imperfect than that found in many others, 
owing to various physical conditions. One of these is an evident disturb- 
ance of temperature and moisture, which they have sustained perhaps in 
connection with the volcanic phenomena which played so important a part 
in New Mexico during later Tertiary times. The fossils are generally found 
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in a fragmentary condition, and often distorted by pressure. The fractures 
of the surface are often of such a kind as to indicate that the bones have 
been in a plastic state (see the figures of Stypolophus hians*), during which 
the fissures thus created in them have in many instances been filled with a 
siliceous limestone. This material now presents a rough external surface 
of great hardness, and sometimes incrusts the teeth in such a way as to 
render it a difficult matter to expose them. Nodules of the same material 
abound on the bluffs (see the Geological Report). Not unfrequently the 
bones are covered with an incrustation highly charged with the red oxide 
of iron, and this substance gives its characteristic color to a large percentage 
of the fossils, the others being generally black or dark brown. ‘The light 
colors of our Miocene beds are almost unknown, and the bones are always 
much harder than these, or even than the fossils of the Bridger group of 
Wyoming. These facts, in connection with the reduced number of expos- 
ures of the beds, account for the comparatively small number of species 
obtained, and the feeble representation of certain groups, e. g., the Birds, 
Lizards, Rodents, ete.; nevertheless, a large number of individuals were 
obtained, and a considerable extent of country explored, and I believe that 
the synopsis above given is an approximation to the expression of the 
characteristics of the most abundant types, or the relative numerical rep- 
resentation in the fauna of the different genera, orders, ete. 

Comparison with the established scale of geological horizons of Europe 
has established the fact that the beds in question belong to the Eocene 
category, as I have already shownf to be true of the longer-known Bridger 
beds of Wyoming. It remains to collate them with the numerous sub- 
divisions of that period. The differences between the Wasatch and Bridger 
faunz have been in part pointed out in my Report on the Vertebrate Fos- 
sils of New Mexico, 1874,f and may be more fully stated as follows: 

1. Divisions found in the Wasatch beds, not yet reported from the 
Bridger beds: Aves, genus Diatryma (?allied to Gastornis); Mammalia, 
Teniodonta, Phenacodus, Pantodonta, Meniscotherium, most species of Hyra- 
cotherium. 


* Plate xxxviii. 
+ Proc. Amer. Philos. Soc., 1872 (February, July). 
¢ Annual Report of Chief of Engineers, 1874, ii, p. 592. 
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2. Divisions found in the Bridger beds, not yet found in the Wasatch: 
Fishes, Amiide ; Reptiles, Ophidia, Anostira; Mammals, Mesonychiide, Tillo- 
donta, Achenodon, Dinocerata, Pal@osyops, most species of Hyrachyus. 

The Wasatch horizon of Wyoming has not yet yielded so many 
species of Vertebrata as those of New Mexico, but the close resemblance of 
the two faunz may be observed in the following list of forms which I 
obtained at several localities:* Fishes, Si/wroids; Mammals, Hyracotherium 
(two species), Phenacodus, Coryphodon (two to three species). As is well 
known, the Wasatch beds underlie those of the Bridger group, and we 
therefore look for their European equivalent in the lower part of the series. 
It has been already pointed outt that the absence of Hyopotamus and Ano- 
plotherium and allied genera-from the Bridger horizon precludes an identi- 
fication with the Upper Eocene of Europe. The comparison of the Wa- 
satch fauna with that of the lowest of the three divisions into which Pro- 
fessor Gervais has arranged the European Eocene, shows a remarkably 
close correspondence. This epoch, the Suessonien of D’Orbigny (Orthro- 
cene of Gervais) includes the marls of Rilly and lignites of Soissons, the 
Thanet sands, London clays, ete. Fossils from these beds appear to have 
been no better preserved than those of the Wasatch beds of the Rocky 
Mountains, yet some of the genera are identical, and others closely corre- 
spondent, as follows: 


Wasatch. Suessonien. 
Ambloctonus. Palconyctis. 
Hyracotherium. Hyracotherium. 
Coryphodon. Coryphodon. 
Diatryma. Gastornis. 
Lepidosteus. Lepidosteus. 


As a point of difference between the beds, there may be mentioned the 
absence of the Teniodonta from the Suessonien,—a suborder not yet known 
out of North America. Nevertheless, the coincidence between the American 
and European horizons is so close that it may become necessary to include 
them under one name,—that is, if a fuller knowledge of their faunze confirms 
the relations here presented. 

This identification is of much importance to the geology of the North 


* See Rept. U. 8S. Geol. Surv. Terrs., 4to, vol. ii, pp. 33-39. 
+Ann. Rept. U. 8. Geol. Surv. Terrs., 1873, (1874), p. 462. 
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American Tertiary formations, since it offers a point of departure for the 
estimation of the relations of the preceding and succeeding faune. It is 
additional evidence in favor of the Upper Cretaceous age of the strata, 
which, in Wyoming and elsewhere, immediately underlie them, viz, the 
Bitter Creek, or, what may be the same, the Fort Union Lignite beds. It 
appears also that the resemblance of the North American and European 
Vertebrate faunz was closer during the Suessonian epoch than at any subse- 
quent period of Tertiary time. A divergence took place, which is strongly 
marked in the Lower Miocene (White River) and Upper Miocene (Loup 
Fork) faunee, especially in the former. See the report on the latter in the 
last chapter of this volume. 

The Wasatch formation includes the Green River beds of Hayden, a 
name which I formerly applied to the entire series. It, however, applies 
properly to the fish-shales of Green River, containing Asineops, Clupea, 
Osteoglossum, ete., which are probably local in their character. Professor 
Lesquereux * remarks that “the remains of plants at Green River are found 
in laminated shales, with an abundance of skeletons of fishes”. These plants 
he had alreadyt assigned to the Miocene period, and in the former report 
to Dr. Hayden, says of the flora:t “If it had not so many typical represent- 
atives of the Miocene of Europe, and if, at the same time, it had some of 
our living species, it might be considered as Pliocene.” Thus it appears 
that the testimony of the plants conflicts with that of the animals in the 
question of the age of this horizon, as it does in the case of the Fort Union 
(Lignitic) beds, and in the same direction. Thus what I call Cretaceous 
and Lower Eocene, Professor Lesquereux calls Eocene and Upper Miocene 
Tertiary respectively. The obvious conclusion is, what is indeed already 
well known, that the existing flora has a greater antiquity than the existing 
fauna, and that this has been the case throughout the later periods of geo- 
logic time. This is consistent with the discovery, by Dr. Hector, in New 
Zealand, that the existing flora of that island dates from the Jurassic period. 

I may add, however, in reference to the age of the Suessonian forma- 
tion, with which I have parallelized the Wasatch (and Green River) epoch, 


* Ann. Rept. U.S. Geol. Surv. Terrs., 1873, p. 390. 
+ Loc. cit., 1872, pp. 410-416. 
t Loc. cit., 1873, p. 390. 
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that Professor Lesquereux enumerates it among the “Paleocene” beds in 
his list* of horizons containing the European fossil Tertiary flora. Whether 
the distinction between Eocene and Paleocene be well marked in paleo- 
botany I do not know; but the Suessonian and other Eocene beds are not 
very widely separated by their faunz. Nevertheless, the Suessonian beds 
of Europe are placed by Professor Lesquereux in the Paleocene by their 
flora, while their horizontal parallels in North America are placed in the 
later Miocene. It would appear that there is another, perhaps geographical, 
discrepancy in this case. 

The teeth of Sharks described in the preceding pages are of uncertain 
origin. They are associated with Oyster-shells, and both have the appear- 
ance of having been transported; nevertheless, some of the Mammalian 
teeth found associated with them have a similarly rolled appearance. — It 
therefore remains uncertain whether the ocean had for a limited time access 
to the Eocene lake, or whether the Sharks’ teeth and Ostree@ were derived 
from the Cretaceous. beds which formed its shores. Similar, and in one 
instance the same, species of Sharks were found in both formations; the 
division of the Cretaceous being No. 4, or 3 of Hayden. 

The same state of things exists in the siderolitic deposits of the canton 
of Vaud, Switzerland. Mingled with Mammalian remains are teeth of 
Sharks, of which M. La Harpe remarks that their appearance does not war- 
rant the belief that they have been transported, or are not indigenous to 
the Eocene fauna. 

In conclusion, the classification of the North American Eocene may be 
represented as follows: 


Name. Equivalent. Locality. Characteristic fossils. 
! 


Palewosyjops. 
Bridger formation ....| Middle Eocene..| Southwestern Wyoming .....-...--..-----.--0++-00+-- Tillodonta. 
| Dinocerata. 
Pantodonta. 
Teniodonta. 
Phenacodus. 
Diatryma. 


Wasatch formation ...| Lower Eocene ..| Northeastern New Mexico; Southwestern Wyoming. . | 
| 


Il. The structural characteristics of the Wasatch fauna.—The general 
statement of the character of this fauna is found in the classified list at the 
* Ann. Rept. U.S. Geol. Surv. Terrs., 1874, p. 285. 
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head of this section. We observe that species of all the Vertebrate classes 
have been obtained, excepting the Batrachia.* Of the Fishes and Reptiles, it 
may be summarily remarked that, with one exception, they do not present 
any marked difference from those at present inhabiting the warmer portions 
of the globe; six of the genera being still in existence. One only of the 
remaining genera belongs, so far as known, to an extinct family; most of 
them being nearly related to living genera. 

The only species of Bird, the Diatryma gigantea, is too little known to 
furnish comparison with living types; but that little indicates considerable 
difference from any of the latter. The Mammalian fauna is much more 
readily understood, and its peculiarities are many. 

The absence of the Carnivora, Quadrumana, Proboscidea, and Ruminantia, 
of the terrestrial Mammaliawith large and convoluted brains, may be asserted. 
It is probable that no species of the order Artiodactyla has been found; it 
being exceedingly doubtful whether the only genus that bears a resemblance 
to the Hogs in its dentition ( Phenacodus) has any relationship to those ani- 
mals. Of small-brained Mammals, the orders /dentata and Chiroptera have 
not been obtained; in the case of the latter probably owing to the fragility 
of their remains. ‘The distinction between the clawed and hoofed orders is 
generally well marked; three of the former and two of the latter being 
present. Some of the claws preserved present the subungulate character of 
certain existing Rodentia. 

Of the five Mammalian orders above enumerated as present in this fauna, 
but one, the Perissodactyla, belongs to the large-brained series. This includes 
only ten species of the fifty-four. On the other hand, the remaining orders, 
both ungulate and unguiculate, agree in the very small size of the brain, in 
the relatively small size of the hemispheres to the whole, and in the absence 
or rudimental condition of the convolutions. I have verified this fact in the 
Creodont Oxyena and the Amblypod: Coryphodon in the preceding pages, 
and Professor Gervais has shown the same character in the Creodont Arc- 
tocyon of the French Suessonian. 


So far as these observations have gone, they coincide with those made 


*These have been discovered in beds of the Green River series in Wyoming by 
Hayden. 
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eight years ago by Prof. Edouard Lartet, of Paris. He states* “that it is 
the result of a number of investigations undertaken in different horizons of 
the Tertiary strata, that the more we follow the Mammalia into the antiquity 
of geological time, the greater is the reduction of the volume of the brain 
in comparison with the size of the head and the total dimensions of the 
body. Cuvier observéd the form of the brain of the Anoplotherium in a east 
of marl, which was consolidated within the cavity of a skull of this animal, 
found in the gypsum of Montmartre. He says:* ‘It has little volume, and 
is flattened horizontally ; the hemispheres do not present convolutions, but 
we find only a shallow, longitudinal impression on each. All the laws of 
analogy authorize us to conclude that our animal was greatly deficient in 
intelligence.” In fact, the skull of the Anoplotherium is six times as long as 
the cast of its cerebral hemispheres, and this animal, whose dimensions 
Cuvier compared to those of a medium-sized Ass, had a brain smaller than 
that of the existing Roebuck. 

““T owe to the kindness of Professor Noulet, of Toulouse, the posses- 
sion of a fossil cranium, in which I have found the cast of a brain still more 
ancient than that of the Anoplotherium of Montmartre, since the fragment 
comes from the Eocene of the Lophiodon of Issel. In the brain of this ani- 
mal (which I call provisionally Brachyodon eocenus, on account of the 
slight elevation of the crowns of the molar teeth), there are no longer any 
conyolutions, but only certain irregularly-defined folds; the olfactory lobes 
are much prolonged in front, and the cerebellum is entirely separated from 
‘the hemispheres. This brain is smaller in all respects, and less complicated 
in its structure, than that of the Cenotherium described by Gratiolet; but 
it must not be forgotten that the latter animal is from a formation mtch 
more recent; that is, the Inferior Miocene of Allier. 

“In proportion as we approach the present period, the differences 
between the fossil brains and those of living species become less marked, as 
has also been observed with reference to the elevation of the crowns of the 
molars. Thus the Deer and the Antelopes of the Middle Miocene of San- 
san present many convolutions, while the cerebellum remains moderately 
uncovered, and the olfactory lobes are very prominent. In the Superior 


*Comptes Rendus, June, 1868. * Ossemens Fossiles, iii, Dp: 44, 
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Miocene of Pikermi, the brain of the Hippotherium (Hipparion) shows itself 
a little less rich in convolutions than that of the existing Horse; and ina 
fragment of a skull of a Monkey, from the same locality, which I have been 
permitted to examine in the museum, the cerebellum is less completely cov- 
ered by the hemispheres, and the median vermis is more prominent than in 
the living Semnopitheci, of the types most nearly related to those of Pikermi. 
But, in order to show more clearly this disproportion of the fossil brains in 
relation to those of living Mammalia, it is necessary that comparison should 
be made between species of the same family, or, better still, of the same 
gens. It has been possible for me to verify this point by the comparison 
of two carnivorous animals, the living Viverra genetta and the extinct Vi- 
verra antiqua of De Blainville from the Inferior Miocene of Allier. From 
this, it appears that, with a’cranium one-third longer and one-fourth wider 
than the living V. genetta, the fossil V. antiqua has not a larger brain, and 
that this brain, more attenuated in its frontal convolutions, does not extend 
so far forward. According to Gratiolet, a great development of the olfac- 
tory lobes is a character of an inferior type. In fact, the more we ascend 
into paleontological antiquity, the more we find the olfactory lobes to dis- 
play a great development in comparison with the cerebral hemispheres.” 
The Wasatch horizon is lower than the oldest above referred to by 
Professor Lartet, and it is interesting to observe how his generalization 
with reference to the characters of the Mammalian brain is confirmed. The 
Oxyena forcipata approaches more-nearly to the Viverrine type than to any 
other form of the Carnivora, although separated by a wide interval. I have 
been able to obtain a cast of the superior and anterior portions of its cranial 
chamber, from which it appears that the brain possesses characters of a 
much lower type than that observed in the Viverra antiqua. The olfactory 
lobes are enormously developed, rising higher than the hemispheres, from 
which they are not only entirely free, but are separated by a constriction 
of their basal portions. The hemispheres are not wider at the middle than 
the olfactory lobes, and have therefore elongate proportions. Their supe- 
rior portion is without convolutions, although not a Marsupial. The gen- 
eral form in Oxyena is more like that of the Opossum than that of any 


other living animal, but is still lower in character. Its inferiority is 
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especially seen in its small size. The mandibular ramus of the Oxyena 
Jorcipata is about the size of that of the Jaguar, but the brain, even with its 
large olfactory lobes, is only about two-thirds as long and one-third as wide. 

I have already described the brain of Coryphodon* as the lowest and 
most reptile-like Mammalian brain known, for the following reasons :—The 
diameter of the hemispheres does not exceed that of the medulla, which is 
as wide as the cerebellum. The latter is small and flat. The middle-brain 
is the largest division, much exceeding the hemispheres in size, being espe- 
cially protuberant laterally. The hemispheres contract anteriorly into the 
very stout peduncles of the olfactory lobes. These continue undivided to 
an unusual length, and terminate in a large bulbus, which is at first grooved 
above and then bifurcate at the extremity. The length of the hemispheres 
is one-fifteenth that of the cranium, and their bulk one twenty-seventh that 
of the hemispheres of a Tapir of the same size. Their surface is not con- 
voluted, and there is no trace of Sylvian fissure. The region of the pons 
varolit is very wide, and exhibits a continuation of the anterior pyramids. 
The large size of the middle brain and olfactory lobes gives the brain as 
much the appearance of that of a Lizard as of a Mammal. 

The grade of a Mammalian genus is expressed in the skeleton by the 
structure of the limbs and that of the dentition. In the former, it is seen 
in the movable and in the fixed articulations, and the numbers of the digits. 
The movable articulations are those of the shoulder, elbow, wrist, hip, 
knee, and ankle. The fixed articulations are those of the ulna and radius. 
tibia and fibula, and those between the carpal. and tarsal bones respectively. 
If we compare the limb-bones of the Reptiles with those of the Mammals, the 
characteristic peculiarity of the former is seen in the absence of the crests 
which, in the latter, bound or divide the articular surfaces, or condyles ; 
thus giving the joint greater firmness, and the movement greater precision. 
There are great differences in the development of these characters in the 
Mammalia, and the facts presented by the types of the Eocene are of con- 
siderable interest. : 


In the Mammalia with most specialized limbs, the condylest of the 


* Vide supra, p. 199. 
tIn the present work, this term is used for the distal articular portions, not (as 
in anthropotomy) for the distal tuberosities, or epicondyles. 
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humerus are divided into two portions by a rib, which is nearer the external 
than the internal margin. One of these surfaces articulates with the ulna; 
the inner portion, or trochlea, chiefly with the radius. In the Mammals with 
the least specialized limbs, this rib, which is called the intertrochlear rib, 
is wanting, as in the reptiles. Another character of the Mammalian humerus 
is the flange with acute border, in which the condyles terminate at their 
inner extremity, and which is present in nearly all types, but differs greatly 
in the degree of its prominence. ‘The intertrochlear ridge is present in Artio- 
dactyla, Perissodactyla,* higher Quadrumana, and a few of the Carnivora. In 
the Bears and Cats, it is wanting, as also in the Proboscidia and in the lower 
Mammalia generally. If now we consider the species of the Wasatch beds, 
we observe that this character is present in the ten species referred to the 
Perissodactyla, while it is absent in the forty-four remaining species. This 
conclusion is based on observation in the case of the Amblypoda, Mesodonta, 
Rodentia, Teniodonta, and Creodonta. 

The differences in the cubito-carpal articulation are seen in the relative 
shares taken in it by the ulna and radius. In the lower terrestrial Verte- 
brates, these shares are more nearly equal than in the higher, and some 
range in this respect is observable in the types of the Mammalia. In the 
Wasatch genera, it has only been observed in the Amblypoda, Creodonta, 
and Perissodactyla, and the radio-carpal articulation found to be relatively 
wider in the last and highest order than in the two extinct groups first 
named. In the Amblypoda, the radial articulation is as large as the ulnar. 

As regards the fixed articulation between the ulna and radius, the 
reduction of the former bone seen in the higher Artiodactyla and Perissodactyla 
is unknown in this fauna, and even the Wasatch Perissodactyla (Orotherium) 
do not display the interlocking articulation between the two, seen in the 
humeral cotylus, in nearly all the representatives of the two above-named 
orders of the later and present periods. 

In the less specialized forms of femora, the distal ends are not distinetly 
divided into two condyles and a rotular surface, the three being more or 
less continuous. Such femora are not found among the genera of the fauna 
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tibia is seen in the simple and low spine and obtuse or low crest, charac- 
ters which especially belong to the Amblypoda and Creodonta, and interen- 
tially to the Mesodonta. Fragments of tibize of Orotherium indicate a well- 
developed tibial crest, as in other Perissodactyla. 

The tibio-tarsal articulation in all Mammalia, including those of tlre 
Eocene period, is much the larger, the fibulo-tarsal being insignificant. In 
the Reptilia, it is a fixed articulation, and hence a flat one; in the Mammalia, 
it is the ankle-joint, and more or less ginglymoid. In most recent Mammals 
it forms a pulley-joint with flat sides, and in most of these its superior surface 
is grooved, generally deeply, to receive a corresponding angular rib of the 
tibia. The only existing order which exhibits a nearly flat tibial face of 
the astragalus is that of the Proboscidia, and the flatness is here trans- 
verse, the antero-posterior section being slightly convex. An approach to 
this structure is seen in a few Jnsectivora, where the groove is shallow. In 
the Wasatch fauna, the only species which are known to_ possess the 
specialized or interlocking ankle-joint are the ten referred to the Perisso- 
dactyla. Of the remaining forty-four species, twenty-two have an ungrooved 
astragalus, that of the Amblypoda being flat, and those of the Creodonta 
being more or less convex antero-posteriorly. Of the remainder, it is 
almost certain that the Mesodonta and Teniodonta, fourteen species, present 
similar characters. 

The number of the digits is an important index to the relative position 
of Mammalian genera. It is well known that specialization is exhibited in 
the orders Perissodactyla, Artiodactyla, Carnivora, Insectivora, Rodentia, and 
Marsupialia by the reduction of their number. This reduction is most 
strongly marked in the first two orders named, where but one or two toes 
remain, ‘The condition of the Wasatch Mammals in this respect is as fol- 
lows: The Pantodonta and Creodonta certainly, and the Insectivora, the Ro- 
dentia and Mesodonta, with great probability, possessed five digits on both 
pairs of feet. These groups include forty-one of the fifty-four species. Of 
the remainder, it is probable that the ten species of Perissodactyla presented 
a smaller number of toes, as four in front, and four, or probably three, 
behind, as in the case of several of the genera of the Bridger group. 


In dental characters, many points of interest have been présented in the 
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preceding pages. I will recapitulate them with reference to the principles 
laid down in my essay “On the Homologies of the Molar Teeth of the 
Mammalia Educabilia”.* 

The two striking features in the dental characters of the known mem- 
bers of this fauna are the absence of the two most specialized types of Mam- 
malian dentition, the sectorial and the Selenodont. The simple or slightly- 
modified Bunodont type characterizes the Rodentia, Mesodonta, Calamodon, 
and the uncertain Phenacodus,—that is, eighteen species; the flesh-eating 
forms (Creodonta), thirteen species, present the strong modification of the 
Bunodont dentition, which I have called the tubercular sectorial. ‘Two 
external crescents are only developed in the ten species of Perissodactyla. 
In nine of these, the inner primitive tubercles remain, constituting the lowest 
(““‘Symborodont”) type in the order; while in one (Hyrachyus singularis), 
they are continued into transverse crests, forming the ‘Tapirodont”, or 
second grade of dental complication in the order. The third, or “Seleno- 
dont”, as already remarked, is wanting. Another Lophodont type is pre- 
sented by Coryphodon (the “Bathmodont”), where only one outer crescent 
is developed, with one outer tubercle, and no inner ones remain. The his- 
tory of this peculiar dentition is unknown, but it is not more specialized 
than the Tapirodont type. 

It thus appears that of fifty-four species, thirty-five are Bunodont in 
their dentition and eighteen present a low and one a middle grade type of 
Lophodonts. This fauna presents rather more primitive characters than 
that of the Bridger beds, where Tapirodonts are very abundant (Hyrachyus). 
In the White River Miocene beds, the Selenodont and sectorial dentitions 
appear in strong force. 

In reviewing the evidence brought together in the preceding pages of 
this chapter, the writer is of the opinion that the type of brain shown to 
exist in the Amblypoda and Creodonta is as distinct from those characterizing 
the primary divisions of the Mammalia as they are from each other; and 
that it necessitates the establishment of a special subclass for their reception, 
of equal rank with the groups Gyrencephala, Lissencephala, and Lyencephala. 


* Journ. Acad. Phila., 1874, 
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' This I have called the Protencephala,* with the following definition :—Cere- 
bral hemispheres smooth, small, leaving not only the cerebellum, but the 
middle brain, exposed behind, and contracting into the very large olfactory 
lobes in front. Cerebellum very small and flat; middle brain large. This 
character is sustained by that of the ankle-joint, which, existing in two such 
distinct divisions as the Amblypoda and Creodonta, may be found to character- 
ize the entire subclass, but this is not yet certain. It is as follows :—Tibio- 
astragalar articulation flat and without groove or segment of pulley. 

This subclass stands below the Lyencephala in its position, approximat- 
ing the Reptiles in the points above mentioned more nearly than the latter 
do. It includes two orders, one Ungulate, the Amblypoda, the other Ungui- 
culate, the Bunotheria. To the former belong. the suborders Pantodonta 
and Dinocerata; to the latter, the Creodonta, and probably the Tillodonta and 
Teniodonta. Whether the Mesodonta belong to it is not certainly ascertained, 
while the Insectivora do not belong to it, as they are rightly placed in the 
subclass Lissencephala. 

The relation of these various characteristics to the question of descent 
is obvious, and it is believed that, through the study of this fauna, more 
intelligent phylogenies are possible than heretofore. In 1868, I wrote as 
followst on the “law of homologous groups”: “In the same manner, the 
development of the convolutions of the brain does not define groups of the 
highest rank, since it progresses chiefly during the later periods of embryonic 
life. .... Owen has endeavored to define the primary divisions of 
the Mammalia by the character of these convolutions, whereas they only 
define the subgroups of the orders; for we have lissencephalous (smooth- 
brained) Monkeys—certain Lemurs 


and smooth-brained Ruminants [Artio- 
dactyla], 7. ¢., the extinct Brachyodon and Anoplotherium, according to Lar- 
tet and Gratiolet. .... If now, through some topographical change, 
the whole series of Mammalia between the smooth-brained and convolute- 
brained were lost to us, as by the elevation of land and the absence of 
favorable localities or bodies of water for the preservation of their remains, 
we would have to study two homologous groups with the heterologous 


* Proc. Amer. Philos. Soe., March, 1877. 
t Origin of Genera, pp. 62, 63, 79. 
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terms of each corresponding with each other, as de now the genera of the 
Clamatores and Oscines, of the Arcifera and Raniformia, ete.” The exami- 
nation into the structure of the brains of the Eocene Mammalia, prosecuted 
since the above was written, has resulted in the discovery of the subclass 
Protencephala, which embraces a series of suborders which correspond in 
part to those now existing, which possess more fully-developed brains. The 
subclasses Protencephala and Gyrencephala aré homologous groups in the 
true sense of the term. And I have shown that the imperfection of the 
tibio-tarsal articulation closely accompanies the undeveloped type of brain, 
the only order possessing the grooved astragalus being also the only one 
which presents the other general characters of an existing order, the Peris- 
sodactyla. The following table represents the ancestral relations: of the 
Amblypoda and Bunotheria to the existing orders. As the Perissodactyla are 
the cotemporaries of these orders, I look for the discovery of the latter in 
still older beds, where they will appear as the ancestors of the former; and 
in this expectation I am encouraged by the reduction in numbers and va- 
riety of Perissodactyla in the older Wasatch, as compared with the newer 
Bridger beds. Moreover, the Wasatch Amblypoda, as ancestors of the exist- 
ing Ungulata, present atype of dentition too complex to represent the direct 
ancestors of the Bunodont types, such as Artiodactyla-omnivora and Probos- 
cidea ; hence I look for the future discovery of Amblypoda with Bunodont 
dentition. The table is as follows, being in general features similar to one 
which I published in the Annual Report of the United States Geological 
Survey of the Territories for 1872, p. 648. It differs in the substitution of 
ordinal and subordinal names for those of genera, in accordance with the 
language used in the text accompanying it, l. ¢., p. 647. 


GYRENOEPHALA. 
Carnivora. Quadrumana. Proboscidea. Perissodactyla. Artiodactyla. 


LISSENOCEPHALA. 
Insectivora. 
PROTENOEPHALA.,' 
yocaeeurasmece Teniodonta. Tillodonta. Oreodonta, es C ON thet saenn elena Pantodonta. Dinocerata. 
Bac 


BUNOTHERIA. AMBLYPODA. 
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THE FOSSILS OF THE LOUP FORK EPOCH. 
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TESTUDO, Linn. 
Testudo undata, Cope. 


Plate Ixvii, figs. 1-2. 
Ann. Rept. Chief of Engineers, 1875, ii, p. 994. 


Two species of Tortoises occur in association with the fauna described 
in the following pages, but their remains are mostly found in a fragmentary 
condition. Hence, although I procured nearly all portions of the skeleton, 
in no case do they belong to a single individual. None of the fragments 
belong to species of any other genus, unless it be Stylemys. I possess the 
caudal vertebrae and a metapodial bone of one of the species recognized, 
and the latter indicates in the clearest manner that it is a Testudo. It is 
wider than long, and. totally different from the elongate metapodials of 
Stylemys. As already pointed out, these have the form characteristic of the 
Emydide, to which family the genus is to be probably referred. The caudal 
vertebrae are few and short, and have the proccelian character. They are 
without chevron-bones. 

The greater part of a plastron was obtained, which I describe here, as 
it cannot be definitely referred to its proper species. It is quite thin me- 
dially, as in various Testudos, and is not much thickened within the fore 
border, as is the case in many species of that genus and of Hadrianus. The 
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bridge is thin and the axillary borders are thickened, but not prominent 
inward. The end of a mesosternal bone is rather produced, and has not the 
lateral expansion seen in some Testudines and Stylemys nebrascensis and S. 
niobrarensis. A costal bone of uncertain specific reference, is abruptly ex- 
panded at the proximal end, indicating the narrowing of the adjacent one. 
Its proximal end is transversely truncate, and on the inferior side is a slightly 
elevated and compressed capitulum, whose long axis is in that of the costal 
bone. The costo-vertebral scutal suture at the intervertebral scutal suture 
is but little inflected; the intervertebral is straight. ' 

A vertebral bone picked up alone, is wider than long ; its form is sub- 
quadrate, with truncated angles and concave sides. The superior surface 
is smooth; on the middle line of tbe inferior is a longitudinal thin lamina, 
well produced downward, for suspension of the vertebra, resembling the 
arrangement I have shown to exist in Stylemys. This bone belonged to a 
tortoise of large size. It measures, length, 0".075 ; width, 0.090; thick- 
ness, 0".013. In all the marginal bones preserved, they are seen to be united 
with the costals by a squamosal suture, and in no instance by gomphosis. 

The specimen which furnishes the characters of the Zestudo undala 
includes portions or wholes of eight marginal bones and one costal. The 
former display a strong recurvature outward, and their internal thickening 
is near their sutural union with the costals. The borders are acute and do 
not display any emargination at either the dermal or osseous sutures. The 
posterior part of the margin of the posterior marginals Is very convex or 
flared upward, descending at or behind the osseous suture. Thus the fore 
edge has an undulating form. The caudal marginal bone is recurved, not 
prominent, and with a regular entire free margin. Its lateral sutures ex- 
pand forward, so that its margin is narrower than its anterior portion. It is 
not divided by a dermal suture, consistently with the generic character. * The 
surfaces of the bones are nearly smooth. The scutal sutures are wide, and 
have distinctly-defined borders. The marginal near the bridge is remark- 
ably massive, the bridgeward suture being twice as thick as that joining the 
free marginal. 

The size of the Testudo undata is as great as that of any of the species 
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Measurements. 
M. 
Length of the free margin of three consecutive posterior marginal bones...... 0. 310 
Length of the last marginal bone...........-.....-...- mrste estate ete eas ore s(sarsierete 0.122 
Wiidtihtotehevastimancinalubone sce 5 cc) saewieseie eceerc, omic eis @ aciensisinie oS oie «erate 0.135 
innicknessratstnGrmiddl ere ware os pyre seers sete cc cts eee ciere se esses 0. 017 
Thickness of the bridgeward suture of a lateral marginal ...-.........0-..-.. 0. 040 
Thickness of theopposite’suture: of the'same\c..<.. .-254. ---o.2 202 - cee dense 0. 015 


Fragments of other specimens, probably of ane species, present still 
larger proportions. 

As compared with the two described species of Stylemys, this species 
differs in the strong flaring and recurvature of its marginal bones, and 
in the more wedge-shaped caudal marginal bone, as well as its much 
larger size. 

Testudo klettiana, Cope. 
Plate Ixvii, fig. 3. 
Ann. Rept. Chief of Engineers, 1875, ii, p. 995. 

Indicated especially by a caudal marginal bone of a Tortoise of larger 
size than the one regarded as typical of the T. undata. It is, of course, 
probable that some of the fragments above described without especial ref- 
erence, belong to it. The caudal bone differs from that of JT. uwndata in 
being nearly plane, and thus wanting the recurvature or superior concavity 
of the corresponding bone of that species. Its form is also quite different. 
Its lateral sutures are nearly parallel instead of divergent anteriorly, and 
slightly concave; if a little expanded proximally, it contracts again to the 
suture for the pygal bone. This suture is a short squamosal on the outside 
of the caudal. The thickness of the bone is almost uniform to near the 
proximal suture; there an abrupt rabbet commences the plane of the thin- 
ner pygal. 


Measurements. M. 
Wadi ssproximall mal iescuceecle, 92 eae spacer stem le Vals lae wiayeeio nian torshee.oasai-, OnL05 
Vie Ons hil BScabe posecesppbreanon ees spaccocn seco 556 MRR ch a aE E nae 0.110 
MST Lee wa cien ees tele) oui s «tls ss yeeioe alate cis arsine see oe Sees etrorene epee? eset ss 0.110 
Mhicknessme-a 2,-2.2 =: (Seis. = eae eee eee epee ee Maer anes tees 05109 


The free margin is slightly convex. 

Dedicated to Francis Klett, of the United States Geographical Survey, 
to whose interest in paleontology we are largely indebted for the oppor- 
tunity of studying the vertebrate fauna of the Loup Fork beds of New 
Mexico. 
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Remains of four species of Birds were found by me in the sands north 
of Pojuaque. One of the species is represented by nearly all of the bones 
of the skeleton of one or both sides, but none of them in an unbroken 
condition. Another possesses the distal extremity of the humerus, proxi- 
mal part of the ulna, distal end of radius, and other -less characteristic 
pieces. The third is represented by a principal phalange. 

The bones of the second species resemble very much the correspond- 
ing parts of the Vultur umbrosus below described. They have from three- 
fifths to two-thirds the linear dimensions of those of that species, and, like 
them, belonged to a rapacious bird. The distal extremity of the humerus 
differs in minor particulars from that of V. umbrosus. Thus the fossee for 
muscular insertions on both the external and internal tuberosities are deeper, 
larger, and more sharply defined, as is also the case with the extensive 
concavity of the external face. The ulnar condyle is more globose. On 
the other hand, the ridges on the superior face of the proximal part of the 
ulna are not so strongly defined as in V. wmbrosus, and the projecting lip 
next to the radius has a greater longitudinal extent. The distal end of the 
radius is relatively large, having three-quarters the diameter of that of the 
V. umbrosus. The marginal and middle distal internal tuberosities are less 
unequal in size than in that species. j 

The third species is represented by a first phalange. It is shorter and 
stouter than that of V. wmbrosus, and was not codssified with the adjacent 
one. Its surface is rather coarsely striate internally and distally, and the 
general form is clumsy. It belonged, perhaps, to a large Gallinaceous bird 
and immature individual. The shaft narrows distally, and the inner side 
has a high, obtuse crest, which is highest near the proximal end. ‘The 
distal end of the shaft is oblique inward. 


Measurements. 
M. 
Lien th, & oorsiec wien ercieie c's cjeiate oraiwicisiein sin cieleic. aie cislo «lelaininlemmje(eins ei-\viniasialele cle\atein\sin 0. 024 
Proximal transverse diameter..< - 2 o.1c2 = -:eleielelw cls s/<ialejateloleepeiaisiainetsialetaminie sterett= 0. 0085 


Antero-posterior diameter at the middle ........ 0-20. ..-.. 0+ see eens eee e eee 0. 009 
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RAPTORES. 


VULTOR, Linn. 


I have referred provisionally to this genus a rapacious Bird, in size 
intermediate between the Turkey Vulture (Cathartes aura) and the Golden 
Eagle (Aquila chrysaétos). ‘The beak is compressed, and the culmen, con- 
vex in the transverse direction, descends obliquely from above the middle 
of the tomia to the apex. The nareal openings are large, and are 
directed obliquely downward and forward, and are bounded within by a 
septum, which does not extend behind their posterior borders. They are 
bounded below and behind by a prominent flaring border. The symphy- 
sis of the lower jaw is straight, quite elongate, and regularly rounded in 
transverse section. The bones of the hind legs are less robust than those 
of the wings, but the tarso-metatarsus is not so slender as in the Polyborine 
division of the Falconide, but resemble in their robustness the true Vul- 
tures. The digits of the foot are more slender than those of the Aquila 
chrysaétos : those of the external and middle digits are of the same length 
as in that species, while the inner free metatarsus is smaller in all dimen- 


sions. 
Vultur umbrosus, Cope. 


Plates Ixvii, figs, 10-18, and Ixviii. 

Vultur umbrosus, Cope, Proc. Acad. Phila., 1875, p. 271: Ann. Rept. Chief of Engineers, 
1875, ii, 993. 

Cathartes umbrosus, Cope, Proc. Phila. Acad., 1874, p. 151; Ann. Rept. Chief of 
Engineers, 1874, 606. 

The superior portion of the beak is contracted in line with the anterior 
border of the nares, showing the anterior limit of the cere. The surface 
anterior to this is marked with ramifying grooves for nutritive arteries. 
Between the nares, the superior face is but slightly convex. The nareal 
openings are large. The tomia of the beak are convex downward and back- 
ward from the anterior portion, which is in line with the inferior border of the 
nares. The posterior end of the mandibular symphysis is below a point which 
measures three-fifths the length from the apex of the beak to the anterior 
border of the nares. The apex of both jaws is broken off. As compared 
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with the Aquila chrysaétos, the symphyseal region differs, besides its greater 
length, in the less decurvature of the tomia anteriorly, and consequent 
deeper excavation to near the apex. The angular part of the mandible 
resembles that of the species mentioned, but has the inferior angular ridge 
prolonged to the angle, which it is not in the Eagle, and has a better-defined, 
delicately sharp masseteric ridge. The inferior part of the left quadrate 
bone is much like the corresponding part in Aquila chrysaétos. 


Measurements. : 2 
Length of the beak from the posterior border of the nares, restored.-.-...--. 0. 042 
Gength fromthe anterior border of the nares’.-.. + 4-2 aee- eee eee 0. 029 
Depth atithelanterior border ofthe mares)... sees: ee eels rai 0. 020 
Width at the anterior border of. the nares...:...-...-...-:-.. ..2.2-< =. 3- +0,.012 
Width at the posterior border of the nares...-.........-..-...-- Me Seen oe. oe 0. 018 
Length ofitheisympbysis, restored) .2/-)-0 2-0 2 = ee ees tee OOLO 
Width at the posterior end of the symphysis. --.--5.~... .:.22:--..-. .+.--- 0. 010 
Width of the nares at the middle.............--....... IEEE ae ape Doe 0. 007 
Length of the mandible from the tomia to the angle ...........--..-.------ 0. 0150 
Depth at the posterior end of the tomia........ . ROD Beane Donnorcis 6 Ue. 0. 0095 
Length of the external condyle (oblique)... -.. .---.s2--5 5 2c) < Seve snes 0. 0100 
Width of the quadratejatithe middlefss2--. a eaees See eee .--- 0.0080 
Depth: (fore-and aft) of the'distalendt2=. 1. s-cese ee eee ere rere 0. 0060 


Two cervical vertebrae are preserved from the middle of the series. 
They have no hypapophyses, and a small tubercle at the apex of the pos- 
terior emargination in the position of a neural spine. The neural canal is 
subcylindric, and the neural arch has two or three small acute tubercles on 
its external face. The arch inclosing the vertebral canal possesses the 
three external grooves well defined, better than in Aguila chrysaétos, and 
the inferior is separated from the inferior face of the centrum by a small 
compressed tubercle. The ridges bounding the upper surface of the neural 
arch behind are stronger than in A. chrysaétos. 

An anterior dorsal vertebra has a wide, flat table, representing a hypa- 
pophysis, which is obliquely truncate on each side behind, and has no prom- 
inent apex. Between it and the anterior articular face of the centrum is a 
deep pit. There is a larger pneumatic pit on the posterior face on each side 
of the articular face, which does not penetrate the anterior wall. There is 
a very small capitular surface for a rib. It is probably the first dorsal ver- 
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tebra. As compared with the corresponding one of the Golden Eagle, with 
which it agrees in size, it differs in the greater width of the hypapophysial 
table, and the entire absence of its median process. The two succeeding 
dorsal vertebrae are wanting, should the number have been the same as in 
the Golden Eagle,—seven. This is not certain; but the two which come 
next of those of the V. wnbrosus which are preserved, present a dispropor- 
tion in size, so like that seen in those occupying the same position, third 
and fourth from the sacrum, in the Golden Eagle, that the relations were 
probably the same in both species. Those preserved will then be the first, 
third, fourth, sixth, and seventh dorsals, with the dorso-sacral continuous 
with the sacrum. The third dorsal presents a hypapophysial table similar 
to that of the first, but differing in the more produced anterior lateral angles. 
Like it, it differs from the corresponding one of the Golden Eagle in its 
much greater horizontal extent, want of downward projection, and want of 
median spine. The large lateral pneumatic fossa is more median in position 
than in the first, and the rib-facet is higher up. The fourth vertebra is held 
in connection with the third by remaining portions of matrix, and differs 
from it in greater length of centrum and the compressed spine-like hypa- 
pophysis. ‘The pneumatic foramen is median, and immediately at the base 
of the hypapophysis, lower down and smaller than in the third vertebra. 
The costal facet is higher up; the diapophysis is well developed, with an 
anterior and posterior fossa separating the wide superior and narrow inferior 
planes. The posterior articular face of the centrum is subtriangular in out- 
line, with rounded angles and slightly concave sides. The sixth dorsal 
strongly resembles the fourth. Its anterior articular face is subquadrate in 
outline, a little broader than long, and differs much from that of the third in 
its greater vertical depth and much less excavation. The prezygapophyses 
have not a lateral external crest continued into the diapophyses, and the 
latter are more posterior in position. The hypapophysis is similarly com- 
pressed, and its basal pneumatic foramen is reduced in size. The seventh 
dorsal differs from the others in the absence of hypapophysis. Its inferior 
face is acutely carinate, and the pneumatic foramen is wanting. The dia- 


ophysis is much reduced, and there is a small pneumatic foramen at its base 
popty ) 
19GR 
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not found in the preceding vertebra. The posterior edge of the neural spine 
is grooved at the base. b 

The sacrum preserved includes the dorso-sacral vertebra, whose line of 
junction with the following ones is distinct, and the solid body formed by 
the coalescence of eight vertebree, at the end of which it is broken off. The 
sacrum differs from that of the Golden Eagle in having six diapophyses 
given off behind the dorso-sacral, while only five are present in the latter. 
The dorso-sacral differs in shape; its centrum is compressed, and with an 
acute inferior angle, in which the next centrum resembles it. In the Golden 
Eagle, the centrum is wide, and without keel. The sacrum, though nar- 
rower, is longer than in that species, and maintains its width farther; thus 
it is widest at the ninth centrum, while it has already begun to contract in 
the Golden Eagle at the seventh. There are four consecutive caudal ver- 
tebree and a plowshare-bone. The former are, as usual, wider than long, 
and have elevated neural spines notched at the extremity. They are, unlike 
those of A. chrysaétos, without hypapophyses. The diapophyses are elongate 
and decurved, and have a flattened face on the upper side near the base. 
The plowshare-bone is remarkable for its small size as compared with the 
corresponding bone of the Aquila chrysaétos. It is not codssified with the 
preceding vertebra, and the hypapophysial fissure is scarcely closed below 
by the opposite halves of that process. The posterior face is divided by a 
median vertical groove from top to bottom, and each half is flared outward, 
each lateral border being convex. The double hypapophysis projects 
downward in two straight processes, separated by a notch. A small fora- 
men is present opposite the anterior articular face. The distal part of the 
superior ala is broken off. 


Measurements of vertebra. 


M. 
Length of 2: cervical belowaee -eeeeeeetee eee see ee Eee eee eee 0. 013 
hength:with the ‘anterior’articulardace -c-.- cassaesse oon ecient ie aces 0. 014 
Greatest width: over. the. vertebral’canal 22ooncsen vase aero eecee nse ee see ee 0. 0175 
Width of the\posteriorarticnlaritaceti-eesescceeee oe eee eee eee Sees 0. 0065 
Depth; of ‘the same:2-% 5. soac eee oe ee eee eee eee 0. 0045 
Width at the base of the néeuralicanalie=-- eee ce eeetee eset en ceeee eee --- 0.0065 
Length of the centrum of the first dorsal from the anterior concavity......-- 0.0113 
Width of-the ‘same Delow..).;...c7c esse ace eee eee eR eeee: 0. 0120 


Depth of the neural canal/posteriorly s-24---eeeee eee eee cece eens 0. 006 


\WiGlRNGre WIA ap oedoo AGomon eoEeey coscaD SAone To COROnE Abeons o-oaaHpEoe: ABUTS) 
Width of the centrum posteriorly ................-- Se HAOOUS HOCORORnOoMnS 0. 0045 
Dep thofm he Sam Cmyarayjcrsvera-i-cietaisicieiee stelsiay oa elele aia a elela'= ele 's.c(aiel sfeiais s'eraiaiciain.s 0. 0055 
Length of the centrum of the (hind dorsal from the fundus of the anterior 
TRYOG. Good nd oa. cacnad DUSoS Ty Sue eon ETE REE Pp OEae pao OMD Ona CoCe Ede codices 0. 0130 
Wid thvotson esa ey belo wmeactacrterete aire -eicie) =r) lore Actions orsies sieteisjelsis c= sisieraie siete 0. 009 
Widinnotmaineranverloniacctberam em secic ccs cae je). Sessa eie hens els oe seems 0. 005 
Venti Cal ep UUEO DUNG ISAM Oieeteeraees = = eieal oie iiniaieioieis (slo,c <2 e)alas oat cesta cieavsie 0. 005 
Length of the fourth vertebra ...........-----.----- Waleiels a svavesie he cis eyseice 0. 015 
Wepthvof the posterion articular face... 2.6 o.ccscven 2-6 ++. c a ccicee ence e == am 0. 006 
\Wkin OF WOES cast coceot banc SUE GOUObD UNOS So COU EN SE ae UtOuCcoSsE oe doncE 0. 0075 
ength of the seventh dorsal centrum .......-.- 025-25 seeecee sere see es 0. 0180 
WiOtnroimunersame;anberlOnlyerrcrr crise lls 6 yn are 4 sissaienacja\0's o1a's oie aisle Voie wicjeis)e 0. 0080 
Mepthrof the’same anteriorly, os csc. Se ew ciee ewes eee sees se emiesisie el 0. 0070 
] a4 
Diameter of the neural eanal of the same { onwense ooo vol lll. L003 
Length of the sacrum to the tenth centrum ........-- 2... 2. 2-2 - ec oes ones 0. 0650 
Width of the centrum of the first sacral posteriorly .........-..-..-------6-- 0. 0090 
Width of the centrum of the ninth sacral posteriorly .-......----.----++-.- 0. 0135 
Combined lengths of the four anterior caudals ..........-.-----.--.-0----- 0. 0200 
Width of the centrum of the anterior ..°..... 2... 20 eee e eee e ene ee ee 0. 0060 
Me pthyotetheySaMGmetaciaevertieeee caver eiteeieievevere | Soy erereleiefarclete leter wisiatetainioinis |e. 0. 0035 
Length of the plowshare-bone .........--.-...-- Beye ce seth etteneiscicisier sisi 0. 0070 
Vain OF tO RAIA) byoohees coe noe GnOehe ConconOs Secon oepeoden dacan 0. 0050 
WAdthroravhe same posterior] yrace sucess occ iewises mics sisinie es slweiceisee cece 0, 0065 
WepthpofatheyhypapophysiSermieto starlet etatsicle fe se stokes iets eeel- ciel sia te os ce 0. 0050 


Of the scapular arch, I have the proximal ends of both coracoid bones, 
and the distal end of one of them, and the proximal portion of the left limb 
of the furcula. The latter presents the coracoid facet and flat internal face, 
as in the Eagles, but the anterior border is less convexly arched than in the 
A. chrysaétos and A. bonellii. The anterior extremity of the coracoid is as 
long as that of A. chrysaétos, but narrower, while its humeral facet is as wide 
and longer. The scapular fossa is smaller and more oval. ‘The inner angle 
of the distal extremity is produced, as in the Golden Eagle, but the fossa of 
articulation with the sternum, while as wide as that in the Golden Eagle, is 
only two-thirds as long. The proximal pneumatic foramina are large, and 
not concealed by overhanging borders. 

Measurements of the scapular arch. 
M. 


Length of the coracoid anterior to the humeral facet..............-.-....-. 0. 0011 
hen ec throtetheyhumerall tacetiins je etaels waraie tae eta ciennetsteiteiisicisiere eo cisteiei> 0:40 2: < 0. 0150 
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Wwitltlr of the same ei cicc poos ae so ae oe re OE EEE Seer ene A he eeisieleis Sais 0. 0080 
henge th-of- the scapular: facet... ccicteroe tere arclersyom crete icle Sw acto lee ee eete ie ef 0. 0060 
Width:of the: same. os... 26 oe ae oda marci ec chico eC eee ere eee 0. 0040 
Transverse extent of the distal articular fossa of the coracoid...........--. 0. 0150 
Width of thé:same << 25 wot: asec ese kee eee Co eee se ee EERE Roti cere 0. 0080 
Transverse diameter of the shaft of the coracoid just above the posterior distal 
muscular) area <<< 65 oe ow we peewee eens Re Rise Re eee eee ee Oe 0. 0130 
Length of the scapular facct of the farcula...22... -. Jc 2 22s eee ee 0. 0100 
Width of the fureula at the lower end: of the-samew.- «Usb .52 ftastet ole 0. 0140 


Of the pelvic arch, only the ischia remain; that of the right side is the 
best preserved. It is smaller than that of the Golden Eagle, and but little 
less robust; it differs remarkably from that of that species, in that the 
sacro-ischiatic foramen extends a considerable distance posteriorly to the 
obturator foramen, while in the latter their posterior borders are in the 
same diagonal line. The ridge of origin of the ischio-femoral muscles is well 
developed, running parallel with the inferior border. 


Measurements of the ischium. 


M. 
IG Sita N Wee monte Houane done boon poo eE amie onoog Goosen occoasoUd soko oHou code 0. 0410 
Pepth‘atitheiend! of the obturator foramen = 2).-—0 ile iemierelels Saltese eestor 0. 005 
Depth at the end of the sacro-ischiatic foramen ..........--.-.------ ----=- 0. 009 


Of the wing-parts, all the elements excepting the radius and some of 
the phalanges are present. The proximal end of the humerus is the largest 
of those of the long bones. It is slightly concave anteriorly, and the 
external crest is thick and recurved backward, and terminates in a hook- 
like truncate tuberosity directed backward and inward. - The condyle or 
head is lenticular in section, with the anterior border flat, and the extremities 
acuminate, the outer separated from the external tuberosity by a deep notch. 
The proximal part of the shaft is convex behind, and has a shallow groove 
on the external side of the median ridge, between which and the external 
border the section is slightly concave. The distal end resembles the cor- 
responding portion in the Golden Eagle, but the anterior supracondylar fossa 
is deeper and with better-defined lateral borders. On the anterior face, 
the muscular ridges are well defined as three longitudinal raised lines, while 
the surface is almost uniform in the A. chrysaétos. 'Thus, there is a wide, 
open groove above the internal tuberosity in V. wnbrosus, which is but little 


defined in the former species. The external tuberosity is more protuberant 
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in the Golden Eagle, and less sharply defined anteriorly and posteriorly 
thanin the V. wnbrosus. The condyles are much alike in the two species, the 
radial projecting well inward and backward with acuminate apex; the ulnar 
having a greater transverse than antero-posterior diameter. The proximal 
end of the ulna is without olecranon, and presents the usual lip of the inner 
side well developed, with articular surface wider than long. The shaft 
is strongly grooved on the outer superior surface. Three-quarters of an 
inch from the proximal extremity, there commences on the external side of 
the shaft the ridge to which the secondary feathers were secured. The distal 
extremity of the codssified metacarpals is preserved, which supports the 
articular facet for the phalanges on the extremity of the anterior one. The 
distal part of the shaft of the latter presents a longitudinal groove on the 
external face. Altogether, the piece is exceedingly like that of the Golden 
Eagle. The first phalange is triangular in section near the base, being 
broad in front, but consisting mainly of an anterior rod and posterior ala. 
The anterior face becomes concave beyond the distal half. The distal 
articular extremity is flat and truncate; it is triangular, and has a narrow 


posterior ala. 
Measurements of the wing-bones. 


M. 
Transverse diameter of the proximal end of the humerus ......-..-....----. 0. 032 
PANLELO- POSlerlorGiameter OletheshCad nem chemise cele aco cle ene ce sees cje tees se 0. 010 
Antero-posterior-diameter at the tuberosity . <<. 2.0.25 22.22 6 pee ee eee ees 0.013 
Diameter of the shaft below the internal marginal crest { reac Cie * re 
Transverse diameter of the-distal end ..-........ ......-- Biers pelts afels sates 0. 028 
Transverse diameter of the two condyles ..-...2...2....-:- 5.0000 2s -22 208 0. 02 
Transverse diameter of the ulnar condyle...... Seysierereya ans ASA a Smn RO ObAG Se OXO IT! 
An tero-posterion diameter ofetheiSamel..c cme. cwejce ae cete ale esas ciareeierore = 0. 008 
Width of the proximal articular extremity of the ulna..................--.- 0. 019 
Diameter of the shaft of the ulna 0.04 from the proximal end ..........--.. 0. O11 
Transverse diameter of the extremity of the codssified metacarpals ........-. 0. 012 
Ibenpihyots the first. ph alan'ee@.-j-cis- 2s <i oe evetreisiel =i ivloi ole cielois = fale clere¥siarereievsiete ls = 0. 037 
Rroximalidiameterof the: same ac onic: oasis sass weiee cise cise s ems acs J cic 0. 009 
ID istalediametenorythe:SamM G-antveieierciale acest hee eee eieiate ee kereai-ve seat =) 1 0. 007 


The femur presents no marked characters as compared with that of 
Aquila chrysaétos, but is smaller on comparison than are some of the other 
bones, e. g., vertebrae. he crests are all sharp. The same remarks apply 


to the tibia, The rough line of the external side is continued to the external 
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distal tuberosity, which is not the case in the Golden Eagle. The distal 
external tubercles are less marked than in that bird, while the internal_one 
is similar, but not so median, being near the posterior superior margin of 
the condyle. The anterior ligamentous bridge is similarly oblique, and 
spans a deep fossa. The inner plane of the distal end is not parallel to the 
exterior, diverging backward and inward. The condylar surface is uninter- 
rupted. The proximal end of the fibula differs from that of the A. chrysaétos 
in the greater transverse width and the obliquity of the articular face out- 
ward. The tarso-metatarsus presents a prominent ala along the interior 
margin, which is recurved posteriorly, as is also the posterior margin of the 
flat external side. Of the three distal condyles, the internal has less trans- 
verse extent than the corresponding one in the A. chrysaétos, being but little 
wider than the median condyle. It terminates in the usual posterior acumi- 
nation. The internal free metatarsus is like that of the species just 
mentioned, but is one-third smaller. The proximal phalange of the third 
digit is a little longer than the corresponding one in the Golden Eagle, and 
much more slender; the penultimate phalange is more slender and is shorter. 
Of the fourth digit, the first phalange is a little longer, and much more 
slender; the second is relatively longer than the first, while the third is of 
the same length as in the Golden Eagle, but not more than half the diameter. 
The lateral condylar fossze are not strong, excepting in the second and third 
phalanges of the fourth digit. The proximal end of the first of these 
presents the usual oblique articular face. 


Measurements of the posterior limb. 


M. 

: : 5 URATISVELSOlemtomrertecieclteeerrcicte 0, 02 
Diameter of the proximal end of the femur } antero-posterior .....- ht 0.017 
Transverse diameter of the shaft of the femur 0™.045 from the distal extremity. 0.010 
Antero-posterior diameter of the shaft of the femur at the same point......-. 0. O11 

tLANSVEPSO\.j.5.-121 -1s,scie sees eels Spe aterslcleieiera eiclersey OOS2 
Diameter of the distal end } ee IMGOLM Al! Fes .c saree eiais oe iwi tepeys cieee 0. 014 
anteroposterior external ererteessvsnvrevsteresclerersiereye 0. 020 

: 3 See (WU On cob aden oboae 65adouce 0. 020 
Diameter of the proximal end of the tibia | antero-posterior ......:0+.-+-+- 0.017 
Transverse diameter of the shaft 0™.04 from the proximal end .............. 0.012 


Antero-posterior diameter of the shaft at the same point ..... Geecodacoscooa | UE Ur 
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RATS VELSO Sst ste com oictoierelo sia eieisinic\e 0. 016 
Diameter of the distal end of the tin antero-posterior { external OS eee 0. 012 
mikwil GsSoueeSe 0. 013 
Long diameter of the proximal end of the fibula.............4.-.....-----. 0. 011 
Transverse diameter of the middle of the shaft of the tarso-metatarsus....-. 0. 010 
Antero-posterior diameter of the external side of the tarso-metatarsus ...... 0. 009 
Transverse diameter of the distal extremity of the distal end of the tarso- 
MARNIE 505 op odebd bdo and.dbageaadno oLaLcddod6 GasaQuosunS OCanoRUGEr 0.019 
Antero-posterior diameter of the median condyle of the tarso- metatarsus.. - 0.010 
Men sunEOmcUSN NEL MN ebatarsusicccicm =< -oeee. cen s aoe aio sesawe ae nncbese cca 0. 017 
Mistalawidthrofethersame ma... --c cc = 2 heperses sare cies sree eere Ba eiciaveta-<1oteyarsrs rie 0. 011 
Length of the proximal phalange of the third digit........................ 0, 029 
IPTOXIMAl Gia MebenOL thei SAM Os sare ielsse2)=/a's slevelela sins w/e'e = = (sien o/eie/=or yeohdaene 0. 009 
DistaliwidthrOlpthe Same. c -yelernic.c classe sistemisie saiciove oss aisle wisiecue vie sere ay 0. 0066 
Length of the penultimate phalange of the third digit, below ..........--.- 0. 022 
Length of the basal phalange of the fourth digit ................-..-.---.. 0,015 
DistalawidthtofeuheRsam crv scree serie ler ote, ele cscioia,*Jeisials tee eirhciie aes 0. 005 
Length of the second phalange of the fourth digit.....................--.. 0. 007 
DistalewidthvotathersamGaecece ek ec joc els oe saves ate eleven cisierorseisic Sites ee 0. 005 
Length of the penultimate phalange of the fourth distts-belowe-nm- t= on 0. 020 
MD istalswi CULWOLsGNeySamMe peverserctseteiae eeriels eye. of rep aicia(ajers aralcieyele ayaraYoucislerare tte "0.0038 


The remains above described were found by the writer lying together 
on the surface of the friable sandstone from which they had weathered, and 
without admixture of fragments of any other animal. 


MAMMALIA. 
RODENTIA. 


PANOLAX, Cope. 
Proc. Acad. Phila., 1874, p. 151; Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 

Family Leporide. Superior molars prismatic, transverse, with a deep 
inflection of enamel on the inner side, except in the first and last. The first 
divided by an inflection on the anterior face; the last composed of two 
columns, an internal and an external, which are distinct to the base. 

This genus reposes on a number of superior molar teeth, which I found 
lying together, but separated. I have arranged them in the order indicated 
by the corresponding series in Pale@olagus. ‘The first molar resembles that 
of that genus, and of Lepus, where it consists of a transverse shaft, with a 


more or less well-defined anterior groove, forming a loop on the grinding- 
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face of the crown. The last molar is the smallest, as in those genera, but, 
being composed of two distinct columns, is quite different from that of the 
two genera named, where it consists of a single simple shaft. 

The only species of this genus yet known differs in various respects, 
perhaps specific only, from those of Paleolagus. One of these is the presence 
of a band of cementum on the inner side of the tooth, which fills the groove. 
On the first molar, this band is on the anterior face, a fact which caused me 
to view it as the inner side in my original description, so that the crown 
was regarded as longitudinal, instead of transverse, whicli is its true position. 
The number of molar teeth is unknown, but, by analogy with the allied 
genera, should be 2 


Panolax sanctefidei, Cope. 
Plate Ixix, figs. 16-22. 
Loe. cit., p. 151; Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 


The crowns of the superior molars are strongly curved outward; in the 
intermediate molars, the outer edge is subacute, on account of a bevel of the 
outer part of the anterior face, which is slightly concave. In these teeth, 
enamel is present only on the anterior and interior aspects of the shaft, being 
concealed in the latter position by a narrow, but rather thick, band of 
cementum. The posterior face is naked. The first molar is smaller than 
the others, and is slightly curved backward as well as outward. Its outer 
border is obtuse, but narrower than the inner. Thu enamel covers only the 
internal and half of the anterior faces; in the former position, its margin at 
the groove is concealed by the cementum band. The last molar is equal in 
its transverse and antero-posterior diameters, and is strongly curved out- 
ward. ‘The exterior column is the smaller, and is subround in section; the 
interior is oval and antero-posterior. Both anterior and posterior faces are 
grooved, but the posterior is the only enameled face, and is divided also by 
a band of cementum. 

A penultimate molar in a fragment of the jaw is transverse in position, 
as in the true Rabbits. 
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Measurements. 
s M. 
Transverse diameter of an intermediate molar....... ....-.--2.-++--ee2-- 0. 0055 
Antero-postehiomdiameteror the sameretcacscr ce aases eaises ae cae ceres see 0. 0025 
iransverserdramecermol theirs tim Olaty wees > leer cine er eine aateeelsiesie (ano si= 0. 0035 
Antero-posterior diameter of the first: molar ......- 2.2... .2200..0c00+sesce> 0. 0020 
MrANS Verse iaMereL Ol theMasbim Olabaces sis se cio ie cis - seiwn'scisiese =e cles -.- 0.0025 
Antero-posterior diameter ofthe last Molars2: 22. fe 1k eksre = toeteec ce dees ee 0. 0022 


This Rabbit was about the size of the Northern Hare. 
STENLOFIBER, Et. Geoffr. 
Pomel, Cat. Méth. Vert. Foss. Bassin de Ja Loire, ete., 1853, p. 20. 


Molars ; , prismatic ; the shaft with one deep inflection of enamel on 
each side, and the crown furnished with a few fossettes anterior and poste- 
rior to the inflections. In the superior series, the internal inflection is the 
most extended in the length of the shaft; the external inflection is the most 
prolonged in the inferior molars. Incisors not compressed nor grooved. 
Frontal region contracted, as in Fiber. 

Three species of this genus are enumerated by Pomel as having been 
found in the Miocene formations of France and of the Rhine, of which the 
longest known is the S. viciacensis. He points out that Steneofiber differs 
from Chalicomys, Kaup, in the structure of the molar teeth. In the latter, 
there are two external and one internal enamel inflections in the superior 
molars, and one external and three internal inflections in the inferior molars. 

Two species of Steneofiber have been described from North America, 
viz, the S. nebrascensis, Leidy, from Miocene beds of Nebraska, and the 
S. pansus, Cope, from the Santa Fé marls. These species agree with the 
European ones in dental, and, in the case of the former, in cranial charac- 
ters, differing in subordinate details, which I can only view as specific. 
Each of them has, like its European congeners, but a single inflection of 
the enamel on each side. 

Steneofiber pansus, Cope. 
Plate Ixix, figs. 4-14. 
Proc. Phila. Acad., 1874, p. 222; Ann. Rept. Chief of Engineers, 1875, ii, p. 993. 
Of this Rodent, I found the right mandibular and maxillary bones with 


all their molars, an incisor and a first superior molar of the left side, and 
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various bones, of one individual; also the inferior molar series of a second 
individual not fully adult. . 

The superior molar teeth diminish in size from before backward. The 
first is the largest, the second and third are equal, and the fourth is the 
smallest. In all, the postero-external angle is right, the outer and posterior 
sides being flat, while the antero-internal angle is rounded off by the unin- 
terrupted curve from the front backward and outward to the internal 
enamel fold. In the stage of wear of the specimen, the external inflection 
has become isolated from the border into a narrow fossette, which is strongly 
curved posteriorly. In all of the teeth, there is a single narrow fossette 
behind it. There is a narrow transverse fossette at the anterior part of the 
crown closely adjoining, or, in the second and third molars, continuous with 
the internal enamel inflection. The worn surface of the crown of the first 
molar is nearly twice the extent of that of the fourth. Its shaft is curved 
moderately inward and backward. 

The inferior molars present the same relations of size as the superior. 
The first is half as long again antero-posteriorly as any of the others, while 
the second and third are equal. The inner enamel inflection overlaps the 
external in front of it, and is preceded in all the crowns by one transverse 
fossette, except in the last, where there are two. These fossettes become 
smaller on attrition; that of the first molar is a crescent with the horns for- 
ward. There is one transverse fossette behind the external inflection. In 
form, the inferior molars are less triangular than the superior ; the first and 
last differ from the others in presenting a strong antero-internal angle. 

The mandibular ramus is robust, and the coronoid process originates 
opposite the line of contact of the second and third inferior molars. ‘The 
diastema is abruptly concave, and the mental foramen is below its fundus. 
The inferior border below the molars is nearly straight. The molars ter- 
minate in short roots at the base of the long prismatic crown. The inferior 
incisor is almost quadrate in section, the two posterior angles being rounded. 
The enamel does not extend on either side, and is smooth; its transverse 
section is slightly convex. The surface of the dentine is polished, and is 
marked with faint, transverse, undulating lines. The transverse maxillo- 


palatine suture is opposite the posterior part of the second superior molar ; it 
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rai 


passes through the single lateral palatine foramen, which is preceded by a 
groove of the maxillary bone. The auditory bulle are very large; they 
are subsemiglobular and compressed. ‘The humerus preserved lacks epiph- 
yses; its sections are triangular, owing to the presence of aliform angles. 
One proximal directed inward and backward is much more prominent than 
the deltoid crest opposite to it. The ulna is compressed posteriorly, and 
the olecranon is short. 


Measurements. 
M. 
Menethrot theysuperior molarjserieS.)... -2-- access necce scise ce sce acces ee cece 0. 0150 
Hens throigihetirsuiSupenor Molatve sere eacecsc eae as Sscee oo a cic carte leds 0. 0050 
enathyomthedtourthysuperiommolate = -a-0 tee cee as sce =e silanes cece tes 0. 0038 
Hensthiot the crowns of the interior molars) ..2..<1-,csic.c <2 lee aoe we oe 02 ve 0. 0160 
Length of the first inferior molar ...........--.- BSR eOSQnea soo, HE ON aanS 0. 0050 
Widthwotstheisamevacerericcs caticces ere cine Sar ose ayskalsie eit s moeicinte eielote = cere 0. 0040 
Wadthvotsihemlastinteriormolate acer -cecee omecs ce teee tesa eee eae wc cces 0. 0035 
Transverse diameter of the inferior incisor .....-....-..2.ese0- --2eccessces 0. 0040 
Wepthvotebhemamus atthe nrshimMolarass sssiies< soe sie, me 5c veteran ens aero 0. 0140 
Wadthvotthemamusiat theilastimolar sca... a-a- cae sens a cece - secede coe 0. 0080 
Fonizontalidiameter/ ofthe auditory; balla).¢: 5. soccer case «os < oc sees 0. 0150 


The younger specimen is instructive, as showing the primitive condi- 
tion of the fossettes and inflections of the mature dentition. The first molar 
is unworn, the fourth but little, and the second and third a little more 
worn. In the crown of the first, the outer inflection is seen to be continu- 
ous with the posterior transverse fossette, which notches the internal and 
posterior borders also. The anterior crescent-like fossette notches the 
antero-lateral borders. In the following two teeth, the posterior fossette is 
distinct from the outer inflection, but is a second or posterior internal 
inflection, soon becoming isolated on attrition. The anterior transverse 
fossette is isolated in these specimens. In the fourth molar, both the ante- 
rior and posterior fossettes are inflections from the inner side, thus giving 
three for that side, as in Chalicomys. Thus it is evident that in its immature 
state the dentition of this species approaches much more nearly that assigned 
by Pomel to Chalicomys than it does at maturity; for that a little attrition 
would soon produce the pattern seen in the specimen first described is 
entirely obvious. 

A comparison of this species with the S. nebrascensis, Leidy, reveals a 


number of differences. In that species, the first and second molars in both 
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jaws are nearly or quite equal; in the S. pansus, the first of both series is 
conspicuously the largest. The second and third present a difference in 
proportions in S. nebrascensis, while they are equal in the S. “pansus. In 
the same way, the transition in size from the third to the fourth is abrupt 
in S. nebrascensis and very slight in S. pansus. The superior molars are rep- 
resented as more quadrate in the S. nebrascensis, and there are two fossettes 
behind the external inflection. This cannot be due to attrition alone, as they 
are related antero-posteriorly, and are therefore not divisions of a single 
transverse fossette. As compared with the S. pansus, the S. viciacensis has a 
still smaller posterior upper molar, which often lacks the internal enamel 
inflection; and the fossettes are one more in each crown, as in S. nebrascen- 
sis.* The enamel inflections of the inferior molars are said to be opposed, 
and not alternating, as in both the American species. 

The Steneofiber pansus was about as large as Prairie Dog (Cynomys 
ludovicianus), but more robust. 


EUMYS, Cope. 


Cope, Ann. Rept. U. S. Geol. Surv. Terrs., 1873, (1874), p. 474.—Leidy, Ext. Mamm. 
Fauna Dak. and Nebr., 1869, ». 842 (name only). 


The characters of this genus as pointed out in the article above cited 
cannot be verified on the species below described, as the mandibular ramus 
with dentition is the only part preserved. The characters of the molar 
teeth are identical in character with those of the Eumys elegans, and it is 
therefore provisionally referred to the same genus. They also resemble 
those of the genus Hesperomys, to which I originally referred it. 


Eumys loxodon, Cope. 
Plate Ixix, fig. 15. 


Hesperomys loxodon, Cope, Proe. Acad., Phila., 1874, 150; Ann. Rept. Chief of Engi- 
neers, 1874, ii, 605. 
Eumys loxodon, loc. cit., 1875, p. 993. 


A nearly entire mandibular ramus, with all the teeth preserved, was 
found in the same deposits as the preceding species. Molars subequal, 


* This species is stated by Leidy, on the authority of Hayden, to have been derived 
from the White River Miocene; it will be necessary to verify this statement, as the 
S. pansus is a Loup Fork species. 
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short-crowned; triturating-surface sigmoid. The apices of the sigma on 
the inner side tubercular, and anterior to the outer apices. First molar 
with an additional transverse crest in front. Incisor compressed; outer 
angle of enamel face rounded, smooth. Molars series oblique, rising 
anteriorly. 


Measurements. - 
Menge cGheo SachemmolariSeriesyasjstys ester. 2r<)=-% tor eras! iain ww os ise Sieiote sles. Heeials secvecies OF0050 
Menothrotatheyrins tymolarerrys selva «1c (a<in1e.2 2 a\cl= caine ele view see ece soe oes --- 0.0018 
Hepchabelowsthe last molar (INNELSide)) ccc ce sete cscs ns Senses als onceicens 0. 0030 
Depthibelowathefirst Molareces scene cece | cee soe se oetint ee seca: 0. 0045 
Wepthtotathevncisonmec.=ckaclococies se cise alesis cise eeeye see ae a SAE 0.0015 
Wepthyatwoherdiastemia wearer ssa eects ee acces wyesisinc cre clsie cee ne iste clase 0. 002 


This Mouse is only two-thirds the size of the Z. elegans, and of more 
slender proportions. 

The superior incisor tooth of a fourth species of Rodent was obtained. 
It is compressed, resembling those of the Muride, and particularly those of 
the Eumys elegans. It is twice as large as that of the EZ. loxodon. 


1 
CARNIVORA. 
CANIS, Linn. 

I procured remains of four species of Dogs in the Santa Fé marls 
each one represented by a single mandibular ramus. Only one of these is 
identifiable with species of the Loup Fork beds of Colorado and Nebraska, 
and I cannot distinguish its lower jaw from that of the existing Wolf, 
although it must be added that my specimen is imperfect. Eleven species 
of the genus Canis are now known from the North American Tertiaries, 
which range from the size of a Weasel to that of a Bear. I enumerate 
them in the order of size, adding also their stratigraphical position. 

C. osorum, Cope, White River horizon, Colorado. 

C. gregarius, Cope, White River horizon, Colorado. 

C. lippincottianus, Cope, White River horizon, Colorado. 

C. vafer, Leidy, Loup Fork beds, Nebraska. 

C. temerarius, Leidy, Loup Fork beds, Nebraska. 

C. hartshornianus, Cope, White River beds, Colorado. 

C. lupus, L. (C.s@vus, Leidy), Loup Fork beds, Nebraska, Colorado, and New Mexico. 

C. wheelerianus, Cope, Loup Fork beds, New Mexico. 

. dirus, Leidy, Quaternary, Mississippi Valley and ? California. 
0. ursinus, Cope, Loup Fork, New Mexico and ? Colorado. 
C. haydenii, Leidy, Loup Fork, Nebraska. 


Qa 
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It is to be observed that six of the species have been derived from the 
Loup Fork beds and only four from the Lower Miocene or White River 
beds, where they are associated with two species which have been referred 


to Amphicyon, Lart. 
Canis ?——. 


Canis vafer, Leidy, Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 988. 
Represented by an under jaw without teeth, which is scarcely suffi- 
ciently preserved to admit of certain determination. — - 


Canis lupus, Linn. 
Canis sevus, Leidy, Extinct Fauna Nebraska and Dakota, 1869, p. 28.—Cope, Ann. 
Rept. Chief of Engineers, 1875, ii, p. 988. 

Represented by a portion of the left mandibular ramus, which contains 
the alveoli, or fragments, of the molars in front of the tubercular. This 
fragment agrees nearly with the corresponding part of C. lupus from Kan- 
sas, except in the nearer approximation of the canine to the first premolar. 
This character is seen in some of the domestic varieties of C. lupus. The 
ramus is a little more slender than in the specimen of the C. sevus, figured 


by Dr. Leidy. 


Measurements. 
~ M. 
en rthiof the premolar’ Series =.= 2/2 a1ec< anne elm iale cred totalov = atetareletsin ierralateroh sree elete 0. 045 
Probable length of the sectorial molar: s2-i-.e. <jaisrs. su eoais steleteeerares ee epareeterere 0. 024 
Depth of the ramus at’ the sectoriall molarcc. cn joo.s es acta ss sae eleva) teve elelerie 0. 026 
Depth of the ramus at the second premolar... ..... Huddedd Sdodoo oanoonoDoead 0. 024 
Width of the ramus below the fourth premolar. .-5-- ~~ =. ----- =-s0-ree =a 0. O11 


Canis wheelerianus, Cope. 
Plate lxix, fig. 2. 

A left ramus of the mandible, lacking the portions below the condyle 
and in front of the canine tooth, furnishes the characters of this species of 
Wolf. The length of the dental series is identical with that of the Canis 
lupus from Kansas; and the ramus is a little deeper, especially behind, and 
a great deal thicker. This increase in thickness is especially visible on the 
external side, which has two planes, a superior and an inferior; the dividing 
convexity between them extending from the anterior angle of the masseteric 
‘fossa to below the posterior mental foramen. The same aspect of the ramus 
in the Wolf is plane from the alveolar to the inferior border. The inner face 
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of the ramus is plane at the tubercular teeth, but the dental series is strongly 
curved outward in front of these; the sectorial tooth being oblique in position. 
Hence, the inner face is convex at the sectorial, and slopes obliquely outward 
from the thickening of the lower border at the symphysis upward. The 
anterior mental foramen is below the anterior part of the second premolar, 
and the second foramen is below the posterior border of the third premolar. 
In the specimens of Canis lupus, both wild and domesticated, I find the 
posterior mental foramen to be below the anterior part of the third molar 
when present. The external face of the ramus below the tuberculars is 
quite concave. The anterior border of the masseteric fossa is below the 
second tubercular molar. 

The diastema is very short, and all the teeth of the molar series are 
closely placed, presenting a strong contrast to the appearance presented by 
the C. ursinus. The crowns of the teeth are so broken as to render it im- 
possible to state the details of their structure. The posterior tubercular is 
quite small and is one-rooted. The sectorial is as long as the two preced- 
ing molars, and is considerably longer than the two tuberculars together. 


Measurements. 
M. 
Mens thwofethesplecespUeservieG us... ari trie mice ai= = cis el siajs.ceic' sale i= <isinic vfcle' si scelececia 0. 132 
Hen gchrote them OlAgSCries mertrc.raletcke clea wie aioe avocieicizico sieiccinichefeie cn cievayes ene 204095 
ength of thevfirst tubercular, molar: .-......2.-2.--...-..2-- Peon aaa ae 0. 012 
Wid bhyofsthesam Gees nays cect aeciecisle croc sie SAE DO DO SCOR RUA rose 0. 009 
hen othrotethe sectorialmolamecsccesaes acs seine tins fe se se cee cles Nene sls se 0.028 
Wad throfanheisame sare sectre css sores soot rere terete: nie aw cleis vere a yeaiotee es erste 0. O1L 
Mhenotnrotethermsecondiprem Olateeetcets crite ete elie 1-r27vee i «as. ois erele a eicie eee 0, 012 
Depth of the ramus below the first tubercular molar...................-...- 0. 035 
Greatest thickness of the same at the same point......-.......--...----..-- 0. 017 
Mepthvot«the ramus below the bhird*mMolar! ye) s~ eetaie = 12 - =\5- veloc ole alecc-ee 0. O31 
Greatest thickness of*the same at the same point...........-.--..--- Sie, ciate 0.018 


The distinctness of this species may be estimated by comparing, from 
below, the mandibles of C. lupus recent, and C. lupus and C. ursinus extinct 
from the same formation. The ramus of the C. wheelerianus is seen to have 


the transverse diameter twice as great as in either of the latter. 
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Canis ursinus, Cope. 


Plate Ixix, fig. 1. 
Proce. Phila. Acad., 1875, 256; Ann. Rept. Chief of Engineers, 1875, ii, p. 988. 


This curious species is the largest carnivorous animal detected in the 
Santa Fé marl, the lower jaw having about the size of that of the Black 
Bear. The outline of the mandible is peculiar in its greater depth poste- 
riorly as compared with the Wolf, which is occasioned by the gradual eleva- 
tion of the alveolar border and the very slight upward bend of the inferior 
border until it has passed the line of the first tubercular molar. The 
interior face of the ramus is plane, while the exterior is deeply concave 
from below the anterior margin of the sectorial tooth to the line of the 
posterior border of the second tubercular, where the ramus is broken off. 
The excavation is below the extremities of the roots of the molars, and is 
bounded below by the everted lower border of the jaw. This border is 
narrow, but thickens forward so as to be massive at the symphysis. The 
anterior mental foramen issues below the middle of the second premolar, 
and the second foramen is below the posterior root of the third premolar. 
The external face, immediately below the tubercular molars, is convex, 
instead of concave as in C. wheelerianus and C. lupus. 

The crown of the canine tooth is broken off; its root is oval in section, 
and is of large size absolutely and relatively as compared with the C. lupus 
and other Dogs. The alveolus of one and perhaps the base of that of a 
second incisor remain. The premolar teeth are quite small, and are sepa- 
rated from each other by short diastemata. The first is one-rooted; the 
fourth is in contact with the sectorial. The latter is a large tooth, exceeding 
in antero-posterior diameter that of both tuberculars together. It has a wide 
posterior heel, but the anterior sectorial part of the crown is broken away. 
The first tubercular is a large tooth, with the crown oblong in section, con- 
siderably exceeding the last premolar in size. The crown is worn by use. 
The alveolus of the second tubercular remains. It is single, but large and 
compressed, and a keel on its external side shows that the root is grooved. 
Its long axis is directed inward and forward, and is three-fourths as long 


as that of the fourth premolar. 
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Measurements. 


M. 
Length of the molar series from the canine ................ Seiteniaas are oe 0.131 
eng thetrom! thesanestothersectoriavlimolarg-.. 5. «citer « semir ules sis) es on 0. O61 
Wen thy OMUeiSCCLOLIAIE MN Ol ata ateisia ohe/e sfases lays = elel> (2 (6 r= =\ef-s1 BASE Da ROSORaUeSTe 0. O31 
NGL Cli hiwO tat GYSa Ne egeenereters fea) ar Stare aralera olojespni ne. Siatais/niore als <iciepectavess ehave sey S.biniete 0.015 
Length of the first tubercular molar.. ......... Seieinieel Scisiepo es creinisle Seite 0. 020 
WA CLHNO fe thercrowmOtsthe SAM Orth cn 2 = as. ojecc\ncteieie nie cic S:eze sc0le-cieseisic,- Sinelec te 0. 012 
Depth of the ramus at the posterior border of the same..............-.-.-.. 0. 055 
Depth of the ramus at the anterior border of the sectorial -........- sie a riaye 0. 049 
Depth of the ramus at the first premolar -..........-....- eis eer © re 0. 038 
Long diameter of the canine tooth .........-..- asafaf rele aIe Seats eee ee ots Fae O023 


The disproportion in the size of the premolar and tubercular teeth 
strikingly distinguishes this species from those of the type of C. lupus. 
Prom C. haydenii, which is probably more nearly allied, it differs widely in 
the absence of the upward direction of the alveolar border, the excavation 
of the external face of the ramus, the one-rooted second tubercular molar, 
ete. It is not unlikely that when the superior molar dentition of C. haydenii 


is known, it will prove to be an Amphicyon. 


PUTORIUS, Cuv. 
Putorius nambianus, Cope. 
Plate lxix, fig. 3. 

Martes nambianus, Cope, Proc. Acad. Phila., 1874, p. 147. 
Mustela nambiana, Cope, Aun. Rept. Chief of Engineers, 1875, ii, p. 988. 

Represented by a left mandibular ramus, which supported the molars 
to and including the anterior blade of the sectorial tooth. The premolars 
number three, and the first is one-rooted. The crowns of the second and 
third are simple, that is, without posterior lobe; but they possess well- 
defined anterior and. posterior basal lobes, but no lateral cingula. The an- 
terior lobe of the sectorial is elongate and rather low; its edge is worn by 
long use, indicating the adult age of the animal. Enamel smooth. A deli- 
cate foramen mentale perforates the ramus below the second premolar, and 
another enters below the third. The ramus is shallow and moderately com- 
pressed. 

20 GR 
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Measurements. 
M. 
Length-of the base of the premolars .......... 22. . 20. cee eceeee pedscosoce. WAU UE 
Length of the anterior lobe of the sectorial...........0 2.21. cecceeseeeeees 0. 0027 
Elevation of the crown of the third premolar ..........-...--.....-.--- .--- 0.0020 
Depth of the ramus at the third premolar............. 0.2... --...seececes 0.0027 
Width of-the ramus at the third premolar... ..:.........0.-. ..-..--- Becosn USUI) 


This species is provisionally referred to Putorius (Mustela, auct.) on 
account of the empirical character of the absence of posterior lobes of the 
third premolar, which is present in the type of Mustela (Martes, Cuv.). 
The reference is not final, because the specimen does not display the pos- 
terior part of the crown, the inner tubercle, nor the tubercular molar. _ It is 
less than half the size of the Mustela parviloba, Cope (Martes mustelinus, 
Cope), of the Loup Fork beds of Eastern Colorado 


PROBOSCIDEA. 
MASTODON, Cuvier. 


Mastodon, sect. Trilophodon, Falconer, Quart. Journ. Geol. Soc. London, April, 1857. 
Tetracaulodon, Godman. . 


Mastodon productus, Cope. 
Plates Ixx, Ixxi, and Ixxti. 
Proc. Acad. Phila., 1874, p. 221; Aun. Rept. Chief of Engineers, 1875, ii, p. 992. 

This Proboscidian is represented in the collections of the Survey by 
portions of a number of individuals. ‘The specimen on which the first deter- 
mination was based is a mandible, which lacks only the coronoid processes 
and angles from both sides. Its symphysis is entire, containing two tusks. 

Jach ramus supports two teeth, the fifth and sixth molars, which are more 
or less injured; the sixth of the left side being nearly perfect. A second 
and young individual is represented by the nearly complete dentition of 
the maxillary bones at the time of its death, viz, three premolars (the first 
wanting from one side), and the first true molar of both sides, not quite 
protruded. A third and a fourth specimen include three-crested third 
molars; a fifth is a fourth or fifth three-crested molar, much worn, and the 
sixth and seventh are inferior sixth molars, one of them nearly perfect. In 
addition, there are bones of different individuals from many regions of the 


skeleton, but nothing approaching completeness. 
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This species belongs to the genus defined by Dr. Falconer as possess- 
ing three crests to the third, fourth, and fifth, or intermediate molars, which 
also includes the M. ohioticus and M. angustidens, on which the genus was 
originally established, and for which the name Mastodon should therefore 
be retained. It is much more nearly related to the latter than to the former 
of these species. 

The mandibular ramus is not elevated, but it is more so just behind 
the symphysis than at the origin of the coronoid process. At the latter 
point, its transverse exceeds its vertical diameter. This form is due to the 
external convexity at this point, which is, at the middle of the ramus, but 
little marked. The inner wall slopes very obliquely inward and upward 
at the last molar tooth, approximating the inner alveolar borders. These 
are nowhere widely separated, and in the specimen are continued on each 
side in front of the fifth (anterior) molar, one-fourth its length, as an acute 
ridge. The symphysis is produced as a beak with subparallel borders, and 
is deflected at an angle of 35° with the long axis of the ramus. Its inferior 
border is continuous with that of each ramus without interruption. On 
the superior face, the alveolar ridges converge, inclosing a narrow gutter, 
narrower than the inferior face, and then diverge and disappear before 
reaching the end of the beak. Thus the superior surface, from being 
grooved, becomes flat or slightly concave. The inferior surface displays a 
slight longitudinal concavity, which occupies the space between the alve- 
olar ridges of the inclosed tusks. The rather large dental foramen is situated 
below the angle formed by the deflection of the alveolar ridge at the base 
of the beak. Its distance anterior to the anterior (fifth) molar exceeds the 
length of the latter. 

The symphyseal tusks are depressed or transversely oval in section; 
their adjacent sides being flattened. Their length is slightly unequal, and 
they are worn obliquely posteriorly from the inner to the outer side. The 
dentine is longitudinally, weakly, closely striate. It is usually covered by 
a thin layer of cementum. The anterior or fifth molar of the inferior series 
is much worn by use, and in a bad state of preservation on each side of the 
jaw. Its crests have become confluent by attrition, both lengthwise and 


crosswise, leaving entering bays of enamel to mark the valleys. ‘These 
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indicate the borders of three crests. The last or sixth molar is just pro- 
truded, and the anterior two crests are the only ones worn. _ It was frac- 
tured in transportation, so that the anterior and posterior heels are incom- 
plete; but a sketch, which I made from it when perfect, and before I 
removed it from the matrix, supplies this deficiency. The crown in its 
perfect state presented four transverse crests, a strong heel, and a small 
anterior cingulum. The crests are constituted of two principal obtusely 
conic tubercles, separated by a deep fissure. 'Those-of the external series 
are attended by others, and those of the inner side are more simple. The 
last of the inner row is entirely simple; the penultimate has a trace of 
division at its apex. The second has a decided fissure, separating a lower 
division next to the median line, which is more strongly developed in the 
first. At the base of the second in front is a low tubercle, which corre- 
sponds to the cingulum in front of the first. The external cones present 
two accessory tubercles in front and one behind; the inner one of the 
former is wedged between the principal cones, while the more anterior one 
is in contact with the posterior one of the preceding series, thus completely 
dividing the transverse valleys into two unequal parts. The posterior 
tubercle is the largest, and has a convex posterior border, which is divided 
into three or four lobes by transverse grooves, forming a step-like outline in 
profile, all of which disappears on attrition. The principal lobes are oppo- 
site to each other, and the transverse series are convex forward. The 
enamel, even in the young tooth, is nearly smooth, and the basal cingulum 


very little marked. 
Measurements of the mandible. 


M. 
Total length fiom the apex of the tusks to the posterior border of the molar.. 0. 750 
Length of the superior oblique border of the spout .......-..-.------..----- 0, 240 
Length of the:symphysis withonb the tusks). <ceo-)me stot = ole tel eerie 0. 260 
iene th of: the exposed pant ofetheitusksir = cee ccs snipers tea foetal 0. 100 
Diameter of the same at the base | vertical ss sv esses lL 0008 
iWadth of the spout atithesbaseesa-eeeeee e eee eee ree aera Save tetas 0.110 
Width of the same between the superior ridges -------. ----.)- 222s. Soon a 0. 040 
Length from the symphysis to the base of the fifth molar tooth....-.....--.- 0. 160 
Depth! ofethe ramus at the fifth>molange-n- ac aco eee eee ere ee eae 0.127 
Depth of the ramus at the sixth molar-..-2-. --. 22 -=-o-.--- BOOTS He oe SaSe 0.118 


Diameter of the ramus at the same point ................. Tha .g austere seer == (05250 
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Men's tht ofath oufilth pm Olan eers.rispetas eects civiee wisee-ieia os.8. crelel-)o)aits) Vereislels <tevera ere 0.113 
Wiiathyofetheisameyd sac ccciae wits ste toeiete eres steiicton = Sere’ ai state clcpoteletales erete,: cicecactete 0. 072 
Length of the sixth molar.......... SU SOUS Hho nied CONN OEE! SEaanoeesonae 0.158 
Wadtheotathersamenimutronticac css res os eee, sia sireicttesecis Seance. eras Aett PAR EES 0. 070 
NVI CEhvotstnersameiWelin din-srevertetlerttiet crvehie eictsiainc ae cs tiele cc lncm tere eccres oe 0. 060 
Elevation! ot theanterior coneyot; the same.,.....-.-.5.<..0-cecc--ecbccre sees 0. 060 


The superior series of molar teeth was found in place, and I took them 
from the matrix attached to the maxillary bone. The fourth molars, or first 
true molars, of both sides, were found inclosed within the jaw. The first 
premolar is smaller than the second; it was broken off, but the relation to 
the second here described is probably the true one. It presents a prominent 
anterior transverse crest, and a low posterior one, with a small external 
tubercle representing a heel. The anterior crest is continuous, and is three- 
lobed; the second consists of two well-separated low tubercles. The second 
molar is also furnished with two crests, which are subequal in elevation. 
Each one is divided by a median notch and fissure, of which the posterior 
is the more open. The anterior internal and posterior external tubercles are 
simple, the latter transverse from compression. The antero-external and | 
postero-internal are lobate, the former with two lobes, the latter, which is 
the least elevated of all, with four lobes. There is a weak basal cingulum 
on each side and behind, but none in front. 

The third premolar, which, according to Owen, belongs to the milk 
series, is furnished with three transverse crests, of which the posterior is the 
least elevated. ach of these is divided by a deep fissure, since it consists 
of two appressed cones. The cones of the outer side are simple and trans: 
versely oval in section; the inner ones possess each an accessory tubercle 
in front and one behind at their inner border. The accessory tubercles of 
adjacent crests are in close contact, thus blocking up the intervening valleys 
at their middles. The inner cone of the posterior pair has no posterior 
accessory tubercle on one side, but there is a strong posterior cingulum. 
The lateral cingula are only developed between the bases of the cones. 
Anterior cingulum narrow but uninterrupted. The first- true molar is half 
as long again as the last premolar, and, like it, has three crests. As they 
are unworn in this individual, they have the following characters. The 


principal cones of opposite sides are opposite to each other and separated 


310 PROBOSCIDEA. 


by an open emargination. Those of the outer side are extended transversely 
and have no accessory tubercles, but their crests are lobate, i. e., divided by 
two or three grooves extending transversely to them. The anterior of the 
three is convex in front and subconeave behind. The tubercles of the inner 
side have two accessories, one anterior and one posterior, so that a section 
is trifoliate. In addition to these, there is a median tubercle at the anterior 
base of the anterior crest, and a median tubercle on the posterior side of 
the posterior crest. There is a low heel at the base of the latter, and a 
basal cingulum on each side of the anterior extremity of the crown. 


Measurements of the superior molars. 


M. 
Lensthtof-theithree;premolarsiim place) se... <je- eis eels = acts ci eieeneieieiiceies 0.171 
Lengthvot-thewfirstipremolaric arcsec iseleeeisocrae eerie inci otercamiere certs 0. 038 
Widthiofsthe Same aria cryerorcc) cisiere seiticterotermaretsre a diele bib cibie eiciois o Meciorent eee - 0.026 
Length of the second premolar ........- SCR ICIOE OREO Cea nS 5 Seano 0, 042 
Width of thersamesz << .ceeso<ciac serene stele ciae at erooimeiete siete eer ree rernere ---- 0.042 
Ben=sthrof ithesthivdpremolary occ... seccc wiieises) oes dee ie sense ta eece See OOTS 
Width: of theisames..<,.:5..00 s8ac nec to cose ces coemiee Soe eee eae ero 0. 055 
Blevation of; the: sam eis 22 <<: ceisg:ceusicatcieie, o'dye tee sitions ain uolenioers oiele, sel sjeGle pisiereriate 0. 034 
Hengthiot therirstitrae/ molar... crc ele se eesieeinite ioe otto tellers eisteioeie Meee 0.120 
Widthofi tiie same: <<... im. cscs Srnisred ix She AOE eS Beis, Se Ree 0. 067 
‘Bievation of the: crown-of the same... 02s = occ ese tess sec sce Seve sees Sooo ~ UEGER 


The external face of the maxillary bone is preserved in a damaged 
condition. The large foramen infraorbitale exterius looks forward and a 
little outward, and the position of the incisive alveolus is protuberant later- 
aly. The alveolus contains the root of a small tusk, much decayed. The 
depth from the orbit to the alveolor border measures 0.090, and the trans- 
verse diameter of the foramen infraorbitale is 0™.020. 

There is a deposit of cementum in the valleys of both the inferior and 
superior molars, which does not appear in a few specimens. 

Of two separate third molars, already mentioned, one is more tubercu- 
lar than the other. In both, there is a cingulum between the bases of the 
cones on one side, which is lobed in the one, which also presents low 
tubercles above it in the valleys. In this tooth, no cementum is present. 
The other is without the tubercles, and cementum is present. Both are well 
worn. ‘The more tubercular measures 0".073 in length and 0™.048 in width, 


A large sixth molar is similar to that already described from the lower jaw, 
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excepting that the cones of the more simple side of the crown are more dis- 
tinetly divided into an inner and an outer, and that the posterior one is 
wanting from the penultimate cone of the opposite side. There are also 
other smaller tubercles on the sides of the valleys. Length, 0".140; width, 
0™.082. 

Fragments of various sizes of the tusks of this animal are common in 
the Santa Fé marl, but, owing to their great fragility, they are difficult to 
preserve. A number of attempts to obtain them were made, but the pieces 
were either broken up in excavating or transporting them. The most solid 
fragment includes about a foot of the extremity. Its section is round, with 
two flattened sides. One of these is marked with longitudinal shallow strii- 
form grooves and is the side which is worn obliquely by attrition at the 
extremity. The groove-like lines were probably covered by a layer of 
enamel. I observed such a layer, which formed a narrow band on the side 
of an extremity of atusk, which I did not procure. The diameter of a frag- 
ment at seven inches from the apex is three inches. 

The greater part of a small tusk is preserved, which probably belongs 
to the lower jaw. It is larger than the one found in place and above 
described, and is of a different form. One side is flat and the other presents 
two oblique faces, one wider and one narrower; the section being thus 
depressed-triangular, with rounded angles. _The entire surface is coarsely 
striate-grooved, excepting where concealed by a nearly smooth coat of 
cement. Long diameter, 0".060. 

But few vertebra were procured. The most characteristic of these is 
the dorsal centrum of an immature animal, lacking epiphyses. It is from 
the anterior part of the series, and is strongly opisthoccelian. The inferior 
surface is obtusely angulated at the front middle line. The capitular fossze 
are strongly pronounced, and the posterior basal border of the intervertebral 
foramen is revolute. 


Measurements of a dorsal vertebra. 


M. 
Length of the centrum ............--- Shee reteiesinieletateselteiclotel iewcievejsys 212-2) aisi=te.6 0. 047 
Di at OF ENG tr transverse ....-.. Rieietulel cininieticieleteteresintereistc a ate a’cbete 0. 192 
lameter of the centrum Ri WN Gee a en aiumen so SOO COS D GID GOO Et Cena oe eee 0.113 


Width of the neural canal at the base .................-. Me SpHoere i= = leletales 6.6. ste 0. 054 


ol2 PROBOSCIDEA. 


The imperfect neural arch of a cervical vertebra was found in connec- 
tion with the mandibular ramus, which served as the typical specimen. 
There is no zygapophysis, and the are’: is narrowed upward. The spine is 
convex before, concave behind. The width of the base of the spine is 
0™.067; the elevation of the arch 0™.082. 

The only long bone of the fore limb in the collection is an ulna, with 
the epiphyses wanting. The shaft is subtriangular in section, and wider 
than deep along its middle portion. At the distal end, the lateral angles 
rise, especially one from the inner side, so that the depth is much greater. 
Here the inner face is nearly flat, while the external border presents an 
angular protuberance. There is no coronoid process, but the superior 
borders of the two sigmoid portions ef the humeral cotylus are very pro- 
tuberant, that of the internal the most so. The olecranon is very short, not 
extending behind the olecranar portion of the humeral cotylus. Its inner 
berder is produced, inclosing a deep groove with the inner border of the 


cotylus. 
Measurements of the ulna. 


M. 
Length without thevepiphyses << <-0.-)-.< scl eit lre «icra ele pon anen Soo bee 0. 470 
Length of the cotylus in the median line ......-... SE SO a OSA aaa NNSA GS 0. 096 
Greatestavidthitoththercoty ust g see asterseratanet tote erator 6 onon dang osauRsC 0. 183 
Depth at the fundus of the cotylus .......... FoOdedo S6cnSS nu bScn SonGoSSa SKDC 0. 114 
Width-atithe middle of thetshattsess.ss eee ees eet poke eee tetetereteretete 0. 082 
Depth atthe middlevof the shatticc css secre soul etieie aeelescie ee enacts 0. 070 
Width at the: distal/extremity.-..--62 1220-0 sense ato sel eisetiaete tens Seen (heh) 
Depth at theidistalextremityis. 22 -)cseee cree tee eee eee eee 0. 108 


Two carpal bones were obtained, the cuneiform and magnum, of which 
the former strongly resembles that of the Elephant of the Florence Museum 
figured by Cuvier.* Its ulnar face is rounded-triangular, and is divided 
into two facets, a right and a left, which are subequal in transverse extent 
and slightly concave. The inferior face has less transverse extent than the 
superior, and is undivided. The exterior tuberosity is large and decurved. 
The posterior or pisiform facet occupies a nearly median position on the 
superior half of the posterior face, descending along the external tuberosity. 
The magnum has a subquadrate transverse vertical section. Viewed from 


above, its superior face is rhomboid, with nearly parallel slightly-curved 


* Ossemen$ Fossiles, pl. xvi, fig. 19. 
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sides. The inferior face exhibits two facets, the one wide, the other narrow 
and subvertical. Each of the lateral faces is bounded below by a facet. 
The posterior tuberosity is not very prominent. 


Measurements of the carpals. 


DMINSYGHNS Sooo tacgdoSene a6 GocoSdae Sec BernEesaE 0.098 
Diameter of the cuneiform } ANterO-pOSCELON sseee cee see coer oct oeece oak 0. 074 
NED] Cale tecctctase) naieole so sscyete ei oeeisiaouwinine aie ciaisiste aie 5 0. 037 
Transverse length of the superior face......---2-<-...5. acces taceee Me eae 0.075 
URNS) OSE) SORE Sp oohSnU TOROS GUpBooUbeUomAGoG Door 0. 057 
Diameter of the magnum } anteroposterior BE ee ey ae re ea 0.105 
NGAGE iS” Seniscned Soerceeean CSsun tao. Se Seman 0. 080 
Antero-posterior length’ of the) superior face). <3. . 2s acc ecw ee ele seein = -- 0.084 
Widthvot theprincipaliinferior facetiy.jere cre «jase wicrer cr sine d'al= wie reuse dewis eata alee ai 0. 052 


A nearly perfect left femur was obtained from near San Ildefonso. — It 
is of the elongate type, and the shaft is flattened so as to be transverse in 
its proximal portion. At the middle of the shaft, its external border is 
almost acute. Distally, its section becomes more and more triangular, rising 
to the ridges of the patellar groove. The distal end of the femur is rather 
compressed; the intercondylar fossa being, as in other Elephants, narrow, 
while the patellar groove and ridges are more than usually prominent, the 
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inner ridge being most elevated and prolonged on the shaft. 


Measurements of the femur. 


M. 
Motalslengthiya-stes ere “Bo GABE SOSe OCA ay SEAR nae eee 0.950 
: ae fete ULANSWOCLSCRS ae cotta fveiearetoisiavelste ars tee 0.187 
Diameter at the base of the trochanter { (aces a ee 0.100 

: F (ELAN SMCTSO Mire cristo rei -fotere oe sicioy) ois ors: ova else niwiaieceie stciasecs 0.15 
ie ey fore-and-attemenes.421- Se tis ale ep ae 0. 085 
s Gare f tramsverse .-...- 2.2. ene reece cee cee eens 0.180 
DHETRI SRS ORANS GEST Gants UstOresand- diberencsclese ieee e Aas ise eicchiscrcice es oss ote 0. 225 
Diameter of the head ...-.. Rea raced Ble Oko EES CEG Gers Sata eae 0.160 
Diameteriofsrhewheadvole a, SCCONG of CMIUM a sceiets eve ete sc) esu cores ictetersccieei sere crest ole 0. 160 


The heads of the two femora measured are not yet codssified with 
the shafts. 

The characters recorded in the preceding description indicate a species 
of Mastodon which ditfers from those described by previous authors as 
inhabiting North America, which I have named J. productus. It is un- 
necessary to compare it with the species of Tetralophodon (Fale.), to which, 


according to Leidy, the Mastodon mirificus of the Loup Fork beds of 
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Nebraska belongs; but the majority of American Mastodons are congeneric 
with the present species. Seven species of this genus are recorded by 
Falconer, and there may be added, as discovered in North America since he 
wrote, the species MZ. obscurus and M. shepardii of Leidy and M. proavus of 
Cope. There is also the MW. chapmanii of Hays,* which has not been recently 
observed. The M. productus, belonging to that section of the genus in 
which the transverse valleys are interrupted by tubercles or cones, com- 
parison with the Mastodontes borsonii, tapiroides, -ohioticus, proavus, and 
shepardii is unnecessary. Among the species where the lateral cones are 
accompanied by others which interrupt the valleys, MZ. humboldtii and M. 
andium possess a short contracted symphysis without tusks. MM. angusti- 
dens possesses the produced symphysis with tusks, and is also a species which 
stood oa long limbs, like the Mf productus and the living Elephants. The 
M. productus differs from it in well-marked characters, according to the- 
descriptions of the latter which have been given by Dr. Falconer. This 
author states that the mandibular ramus of MZ. angustidens is much elevated 
in front, and most above the mental foramen. In MW. productus, the eleva- 
tion at the mental foramen is barely equal to the depth at the base of the 
coronoid process, while the elevation is greatest between these points at 
the anterior base of the penultimate molar, and it is not so great as in the 
European species. The symphyseal prolongation is not so long in A. pro- 
ductus, equaling to the mental foramen (without the tusks) two-thirds the 
length of the remaining portion to the base of the coronoid process. Dr. 
Falconer says of the I. angustidens, ‘The elongation of the symphyseal 
beak is enormous, far exceeding that of Tetralophodon longirostris or even of 
Dinotherium; the length from the mentary foramen forward being more 
than double that of the horizontal ramus measured from the same point 
backward to the base of the anterior margin of the coronoid process.” 
According to the same writer, the symphyseal tusks of I. angustidens fre- 
quently have a channel on the superior and inner sides. In J. productus, 
the tusk is without channels. 

Besides the generic character in the tooth-formula, this species differs 
from Tetralophodon longirostris in the form of the base of the symphysis. 


* Trans. Amer. Philos. Soe., 1533, pl. xxii, figs. 3-4. 
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The inferior surface is a decurved continuation of the base of the ramus, 
as in M. angustidens, while in T. longirostris of Kaup the border of the 
ramus rises upward to the base of the symphysis. 

Two specific names have been proposed for Mastodons whose remains 
are supposed to have been found in the United States. In each case, the 
name rests on an incomplete posterior molar tooth. One of these is the M. 
chapmanii, Hays, of uncertain locality. The arrangement of the cones of 
the crown differs materially from that seen in IL. productus, for they are 
closely packed, almost closing the intervening valleys, as in the species of 
Tetralophodon. The cones of opposite sides are very unequal, and some- 
what alternate, and the enamel borders are much lobate, all characters not 
found in M. productus. As regards the other species, If. obscurus, Leidy, 
Professor Leidy remarks that it may be the same as the M. chapmanii, but 
the existing evidence is not conclusive in favor of this view. It reposes on 
the cast of a tooth said to have been taken from the Miocene marl of 
Caroline County, Maryland.* It probably supported four transverse crests; 
but this is not certain, as the anterior extremity is broken away. In its 
constitution, it bears some resemblance to the last inferior molar of MZ. 
productus, but presents well-marked differences. It is narrower, the greatest 
width entering the length 2.5 times, while in all the corresponding teeth of 
the latter species the width is one-half the length. The second transverse 
crest in the type of M. obscurus, though but little worn, does not display 
the separation into opposite cones, which, in AZ. productus, is maintained 
nearly to their base; the worn section presenting, therefore, two areas, the 
one trifoliate, the other elliptie. In MV. obscurus, the cones of opposite sides 
display a stronger tendency to alternation, and are generally less tubercular, 
differences by themselves perhaps unimportant. I, however, suspect this 
tooth to represent a species different from the MW. productus characterized 
among other points by its narrower teeth. The discovery of the mandible 
and other bones will be necessary before it can be regarded as well estab- 
lished. 

Another tooth figuredt by Dr. Leidy resembles the molar of J. pro- 


* Extinct Mammalia of Dakota and Nebraska, p. 245, pl. xxvii, fig. 13. 
+Loe. cit., xxvii, fig. 10. 
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. 
ductus very closely, and may belong to it; the figure is that of a cast sup- 
posed to be derived from a North American specimen. A fragment of 
another tooth from Tarborough, N. C., believed to be, like the Maryland speci- 
men, from the Miocene marl, may belong to the I. obscwrus or similar species. 
The formation alluded to has been usually correlated with the White River 
Mfocene of the West, which preceded by a long period of time the Loup 
Fork epoch, from which the JL, productus. was derived. J must also add 
that there do not appear to be any striking characters by which the pos- 
terior molar teeth of the Mastodon andium can be distinguished from those 
of the MW. productus. 

The first notice which is unquestionably of this species is that pub- 
lished by Dr. Leidy in the Proceedings of the Philadelphia Academy, 1872, 
p. 142. Dr. Leidy there mentioned the characters of the lower jaw, as 
seen in a specimen obtained by the Hon. W. F. Arny, governor of New 
Mexico, and sent by him to the Smithsonian Institution, Washington. The 
same specimen is fully described and figured in volume I of the quarto 
Report of the United States Geological Survey of the Territories, by Dr. 
Leidy. 

PERISSODACTYLA. 
APHELOPS, Cope. 
Paleontological Bulletin, No. 14, p.1, July, 1873; Ann. Rept. Chief of Engineers, 
1875, ii, p. 991. 

Remains of Rhinoceros are not rare in the deposits of the ancient lake 
of the Rio Grande Valley, and among the most complete fossils obtained 
is the greater part of the cranium of a species allied to the Aphelops mega- 
lodus of the corresponding beds of Colorado. The specimen includes the 
dentition of both jaws, which exhibits the following formula: TI. !; C. 0; 
Pm. s M. 2. The absence of the first premolar distinguishes the form from 
the Miocene Aceratherium as well as from the existing genus Rhinocerus ; 
while the presence of inferior incisors separates it at once from the living 
Atelodus. I have named this genus Aphelops; like Aceratherium, it is horn- 
less. To it are referred, besides the species mentioned, the Rhinocerus crassus, 
Leidy, and the A. jemezarus, first described below. These are, however, 
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only referred to it provisionally, as the number of the premolar teeth is not 
yet known ineither. The known species have only been found in the beds 
of the Loup Fork epoch. 

The four known species may be distinguished as follows: 


*Ramus mandibuli shallow and stout; last molar close to base of coronoid pro- 


COSSare Ce Leia ei icels Cab Boon Bo EAR ed apc GHaRe C@nTEE Sue po aa C A. crassus. 
** Ramus mandibuli compressed ; deeper: 


+ Base of coronoid process flat in front, with lateral angles : 
Last molar at base of coronoid process; symphysis and external incisors 
Ginehls hs Geoc6 sHOnnO Gada n sod. Seeeeo ec Se Sramoo spo eoon es A. meridianus. 
Last molar well in front of base of coronoid process; symphysis and external 
ANCISOLSPIAT Ohare erect cis oe oe nue teehee tee aioe siaia ecu A. megalodus. 
tt Base of coronoid process convex in front. without lateral angles : 
Last molar largest, not close to base of coronoid........------ A. jemezanus. 


Aphelops meridianus, Leidy. 
Plates Ixxiii, figs. 1-2; Ixxiv, figs. 1-3. 


Rhinocerus meridianus, Leidy, Extinct Mammalia of Dakota and Nebraska, p. 229. 
Aphelops meridianus, Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 991. 


The A. meridianus was first described from a superior molar tooth from 
Texas. The corresponding molar in the New Mexican species does not 
differ from it. The general characteristics of this almost unknown species 
may then be learned from our specimens. In general features, it much 
resembles the A. megalodus, but there are numerous differences. There is 
a considerable protuberance of the anterior border of the posterior trans- 
verse crest, nearer the outer border of the crown than the protuberance of 
the posterior border of the anterior transverse crest. ‘These give the trans- 
verse valley a sigmoid form, which is not seen in A. megalodus. There is no 
posterior protuberance of the anterior transverse crest of the last superior 
molar. There is a strong anterior basal cingulum on the true molars, and 
a very strong elevated cingulum connecting the inner ends of the transverse 
crests, but not passing round the interior extremities of the crests. It is rep- 
resented in the last two molars by a small tubercle. There are no external 
cingula. The external faces of the superior molars present a convexity for- 
ward, which is very prominent in the true molars, each overlapping the pre- 
ceding tooth. Immediately behind and parallel with this ridge is a groove, 


which is followed by a low ridge bounding the general external surface in 
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front. The latter is slightly concave in the antero-posterior direction, ex- 
cepting in the first and second premolars and third true molar. On con- 
tinued attrition, the transverse valley of the crowns becomes isolated by 
the confluence of the posterior projection of the anterior cross-crest with 
the posterior cross-crest. The posterior emargination scarcely becomes iso- 
lated, and then is only inclosed by an enamel band. This is only possible 
on the third and fourth premolars and the first true molar. ‘The sides of 
the transverse valley have no vertical ribs near the fundus or elsewhere, so 
that ft does not become lobate, or divided into lakes, on attrition, as is the 
case with Rhinocerus indicus and several species of Atelodus. They have the 
simpler structure seen in the Aceratherium occidentale. 

The mandibular ramus is compressed and not deep. Its inferior out- 
line is gently curved, and without irregularity at either extremity. The 
masseteric region is flat, while the internal pterygoid insertion is a concavity 
of the inner face behind and below the coronoid process. The inferior pre- 
molar teeth increase regularly in size to the true molars, which are nearly 
equal. In all, but especially on the last two molars, the anterior limb of 
the anterior crescent is well developed, extending to the inner side. The 
external posterior projection of this crescent is rounded. The symphysis 
is short, commencing below the second premolar. Immediately in front of 
this point, it is contracted, and the superior surface forms a trough between 
the acute superior lateral borders. The symphysis is scarcely expanded at 
the extremity, where it supports two larger external and two smaller inter- 
nal incisors. 

The mandible differs from that of 4. megalodus in the contracted form 
of the symphysis, and the small size of the outer tusk-like incisors, which 
are scarcely half as large as those of the former; but it is possible that this 
character is sexual. As compared with five mandibles of A. megalodus, the 
last molar originates closer to the base of coronoid process. In the Tatter, 
there is a considerable interval in front of the ascending process. The form 
of the dentary bone is that of A. megalodus, and not thick and massive, as in 
A. crassus. 

The posterior part of the temporal bone is preserved. It supports a 
rather long and narrow postglenoid process. Just behind the superior base 
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of the zygomatic process is the meatus auditorus eaternus. It is presented 
upward and outward, and is not closed below superficially, but is continued 
into the fissure between the postglenoid and mastoid processes. The latter 
is rather narrow antero-posteriorly, and extends as far inferiorly as the 
glenoid articular surface. 


Measurements. 
M. 
Length of the series of seven superior molars ... ... .-..+2-2-2e.e+ee-+ ee-- 2 0. 237 
Men cunolst he cnreewroemMOlars seneee sacs Saisojclelciiciee clsis\c cic c civicinie so se leicinse=s 0.123 
en otihvofatheilastabroeim Olatncrer cetenicc cicteicisio: satel Siti oe cieiele w wisins oieicieis olor ete 0.037 
NWijidthvofsthe Same. c..- << 1aeielserssfeie JobenehbSocemon GODanEO Boo Daun BaOar oan 0. 046 
Length of the-first true molar...-....-.-.....-..-..--- Paleeiecieietsla eosin oeisie ye 0. 051 
Widthvotenevsamess. = s5 eee ce cutee cis soulsdoeacabouodacooabS De cies o 0. 057 
ene tH otsthesecond premolar sees cores ctocic= 2 = cislwiciainleiclaine si sieleceelacee cites 0.029 
Wigrthsofatheysame er ce seas cre cieicsis e clctsi= ons,o'c. aa axctareters Biel cince sistem osreetas 0.033 
Total length of the ramus mandibuli..-.. .....--..-- Eres e stele pi syatonsvresierys: 0.455 
IDEN GFE INO EN ES 6 cobdcn Seanad acéas dood sHecsuOG weoumopebacoeercre 0.114 
\iVike tie (ENGL on SHS} see Shedd deat coc dee aadeey Sencoe cc opesEodsebose 0. 058 
Miameteriomounee® tern ale CiSOlee santas ce as) aes \=- he Sale Aciae sates Sicleiheciiecie > 0.015 
MiameteriotstheanternalkinCisObesecre. cme aise e- ccinecins sees hoes cise cee 0.005 
Depth of the ramus at’ the second: premolar —2.. -=-.. 2.5... .s2--2teecce sores 0, 062 
Mepiheointhemamusatsnethird wmMOlarae cae tas o77-cles circ ayecisetrele ou sii seis 0. 086 
Width of the inferior border of the ramus at the middle ............----..-- 0.035 
hen thiofeihe series ip interiorimOlarse crete ais /acj rate eosin ciate cic e.c'e'e cis" s\sicisjeis' «soe 0, 220 
Length of the series of three true molars ...- -.-- Sie ticle Sa ainied Ssiseisioe eae Geiss 0.125 
Benocthrof theithirds prem olan. '2<.. ss see ciueicrcs cists.o ocies cca tie storis\s:siejs0 srs)s.0' 0. 037 
Width’ ofsthelprinding-face of thesame=. 2.2 2. 22 - ice acne es 2 = - SARS OdeE 0. 026 
Length of the penultimate molar............... Me crepe aNereinncts retbbers «sss eee) 02042 
Width. ofthe grinding-face'of theisame.. 2.5... 22. 22. 42.6 a ttute ececn e arties 0.025 
Ihene throtapostglen olds process tae. jecreisicie coe a -sste ce ele ciel rsh. balsjet vie sseteis fo aaiaretete 0. 050 
Width extero-internally ............ Addo Sed gogednerasane Site si cisie ehetsioysisynrs 0. 030 
Width of the mastoid process postero- senna Saiedetstois oe ireretslon ts. ais. <miene aie te 0.029 


These measurements indicate a size similar to that of the Rhinocerus 


sumatranus. 
Aphelops jemezanus, Cope. 


Plates Ixxiii, figs. 3-4; Ixxiv, fig. 4. 
Ann. Rept. Chief of Engineers, 1875, ii, p. 992; Proc. Phila. Acad., 1875, p. 260. 
That a second species of attics even larger than re other species 
of Aphelops, formerly existed in the region of New Mexico, is demonstrated 
by a right mandibular ramus, obtained, by Dr. H. C. Yarrow, from near 
the town of Santa Clara, on the west side of the Rio Grande. The speci- 


men, in its present condition, includes the condyle, angle and ramus as far 
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as the last premolar, and supports three true molars. The latter are worn, 
indicating the full age of the animal. They still retain the enamel surface 
of the sinus between the posterior and median transverse crests, and the 
lower end of the sharp inner margin of the anterior transverse crest. 

While the ramus exhibits the compressed form seen in A. megalodus and 
A. meridianus, it differs from these and the A. erassus in many striking 
respects. Thus the inferior margin near the angle does not exhibit the protu- 
berance and following contraction of the inner side seen in the first two spe- 
cies. In another feature, it differs from all the other species, 7. e., in the form 
of the ascending ramus. ~ This rises very gradually from the basis of the last 
molar, leaving a subhorizontal edentulous space behind the latter as long as 
the second true molar; its anterior face, instead of being flat and bounded 
by strong lateral angular ridges, as is the case in A. crassus and the two 
other species, is rather narrowly convex. Instead of the usual ridge of 
the outer side, the anterior border of the area of insertion’ of the masseter 
muscle is marked by a prominent curved protuberant margin, which is 
wanting in the three other species, the surface in them being plane. Behind 
the condyle is seen the tuberosity characteristic of the Rhinoceride. The 
internal pterygoid fossa is well marked. Rugosities for insertion of the 
lower border of the masseter muscle are strong. The relations of the den- 
tition of this species are also peculiar. The last molar is nearly half as large 
again as that of specimens of A. megalodus and A. meridianus of similar 
dimensions of ramus, and the teeth diminish in length anteriorly more rapidly 
than in width. Thus, while the first true molar is as long as in the two 
species named, the width is between one-half and one-third greater. There 


are no external nor internal basal cingula. 


Measurements. * 

Length of the ramus from the fourth premolar (bebiud) to middle of masseteric 

TOSSA 2 2) nF Se oe RE ere ee eee Ee ee ee ee Scions SHON 
Length of the series of true molars ........ isle e's see Silo eae Sette ian eter SLAS 
Length of the first true molar......... BbapSocwsagonn5 - ae8os5508 aceeognncs , Ub WEEE 
Wiidth.of the first. true’ molar:ca- de eceeeeer eee ee eee eee 0. 033 
Leneth) of the’third true’molar-s5..22-seeee eee eee eee Sp ateca tite ric tncicses tts 0. 058 
Widthiofthe thirdstroe; molar: 23.2 2522 ee eee eee poe UbUBH 
Diameter of the ramus at thedirstimolar>.----- seeeiaisee es eenee eee eeeeieeee 0, 0SO 


Depth of the'ramus atthe third molar......2 252s. se ose seene er ey ee 0, 092 
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HIPPOTHERIUM, Kaup. 
Hipparion, Christ. 
Hippotherium calamarium, Cope. 
Plate Ixxv, figs. 1-2. 


Ann. Rept. Chief of Engineers, 1875, ii, p. 990. 


This three-toed Horse is indicated by the oral and palatine parts of 
the skull with the superior dental series of both sides, together with one 
mandibular ramus, with all its teeth, of an individual from near San Ilde- 
fonso, and also probably by molar teeth of two individuals from the Loup 
Fork beds of Colorado. The species is allied to the H. paniense, Cope, and 
differs from the H. occidentale, H. speciosum, and H. gratum of Leidy, in the 
relative form and size of the internal anterior dentinal column. As in the 
species first named, this column is subcylindric, and equal to, or smaller 
than, the posterior internal columnar fold. In the three species last named, 
the anterior column is flattened or oval in section, and often larger than 
the posterior columnar fold, and submedian in position. 

In the typical or New Mexican specimen, the anterior column is large, 
and its center is anterior to the middle transverse line of the crown. In the 
present state of attrition, which has left two-thirds of the crowns of the 
median molars, this column presents an angalar projection toward the inner 
anterior crescent, betraying an approach to the union seen in Protohippus, 
which is in the fifth molar of the right side of the present Horse actually 
accomplished through the medium of a narrow isthmus. The dentinal band 
connecting the inner crescents throws out two, rarely one, folds toward this 
column. The borders of the lakes are much plicate; the posterior border 
of the anterior lake having from four to six inflections. The posterior 
border of the posterior lake exhibits one deep inflection, which is generally 
bifureate. 

The first premolar is quite small, and is two-rooted. The second is a 
wide tooth, different in form from the elongate corresponding tooth of the 
H. occidentale, its anterior lobe being but little prominent. The palate is 
wide and well arched. The mandibular teeth are elongate, but not narrow; 
and the anterior lobes are well developed, especially the median ones. No 
basal cingula on teeth of either jaw. The last molar is smaller than the 
three preceding it, and the anterior lobe of the first is quite narrow. 


214k 
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The molars of one of the specimens from Colorado are closely similar 
in all respects, except that the anterior lobe of the second premolar is a 
little more produced. I also refer here the tooth described as ‘M. 2” 
under H. paniense, in Report of the United States Geological Survey of the 
Territories, 1873, pp. 522-523. As compared with the molars of that species, 
those of H. calamarium differ in the much greater complexity of the enamel 
folds; those of H. paniense being the simplest in the genus, even more so 
than in H. affine. ‘The anterior inner column of H. paniense lacks the char- 


acteristic inner angle seen in the present Horse. 


Measurements. 
M. 
Length of, the seven superior MOlarsiss nas -ye as a sis elo einer eiaieteieeiet eile ee 0.134 
ensthvof, thethreestrucimolarsir saya cee erate ee eietatiyeia ter eleeete ate eran 0. 062 
Length of. the secondipremolar. 23.26. = ences eee eee eee eee 0. 026 
Width of the:crown of, the second premolariaa. a. ses rite tie teers 0. 020 
Greatest length of the second premolar. - <5. 2525 c2c5 ols all cee nal ie ere 0. 022 
Greatest width of the'second premolar .- <=... = 2.225 32 sclne secs ss sete 0. 024 
Greatest length of the penultimate molars ..-..-... ~.-..--2.-.5-.:--- =r On022 
Greatest width of. the penultimate molars. ....--2.-- 2. 5-2 eo) os ee ee 0. 022 
Width of the palate (chord) between the middles of the third premolars. .-.. 0. 042 
Length of the crown of the antepenultimate lower molar.............-- coc NEURAL 
Width of the crown of the antepenultimate lower molar ....-.......----...-- 0, 012 


The ‘typical specimen belongs to an adult animal, and was taken from 


the matrix by myself without admixture of others. 


Hippotherium speciosum, Leidy. 
Plate Ixxv, fig. 3. 
Extinct Mammalia of Dakota and Nebraska, p. 282. 

A series of superior molars nearly identical in character with those orig- 
inally described as typical of this species, by Dr. Leidy, and figured on 
plate xviii, figs. 16, 18, 19, of the work above quoted, and agreeing with 
specimens from Colorado, was obtained near Pojuaque. Some of the speci- 
mens described by Dr. Leidy as of doubtful reference under the head of this 
species obviously do not belong to it. 


PROTOHIPPUS, Leidy. 


Leidy, Extinct Mamm. Fauna Dakota and Nebraska, 1869, p. 275.—Cope, Ann. Report 
U.S. Geol. Surv. Terrs., 1873, pp. 519-527. 


This genus, originally described by Leidy from dental characters, I 
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have shown to be more nearly allied to Hippotherium than to Hquus. In 
1873, I published the first account of the structure of many parts of the 
skeleton, including the limbs, showing that the genus is three-toed. Some 
time previously,* Professor Leidy had asserted that the genus Hippidium of 
Owen is identical with Protohippus of earlier name, and he refers the South 
American species, on which Professor Owen based his genus, to Protohippus. 
In 1875, Professor Burmeistér published a full description + of the osteology of 
the Hippidium neogeum, Lund, from the post-Tertiary deposits of Buenos 
Ayres, showing that that animal possesses but a single digit on all the feet 
It is, therefore, quite distinct from Protohippus, and constitutes an important 
link in the series of Equine genera, 


i. @., the one between Equus and 
Protohippus. Certain fossil Horses from the Loup Fork beds of the Niobrara 
River present, according to Marsh, the same characters; but he names 
them Pliohippus,t being apparently unaware of the prior applicability of 
Owen’s name. Slight differences between the North and South American 
species in the concavity of the face and form of the nasal bones are prob- 
ably specific only. 

Antecedent to Protohippus in its dental characters comes the genus 
Hippotherium, which has been for some years recognized by authors as con- 
necting Hquus with the Miocene Anchitherium. Paleotherium, Cuv., had 
been indicated by Huxley as the probable Eocene ancestor of Anchitherium, 
but I have shown that it was much more probably Hyracotheriwm. This 
view has been confirmed by Marsh, who treats of this genus as I have iden- 
tified it in America, under the synonym Orohippus (see supra, page 260). 

Protohippus, spec. indet. 
Plate Ixxv, fig. 7. ; 

A single much worn molar, of the size of that of P. sejunctus, apparently 
represents this genus. 

The specimens obtained indicate another species of Horse, but they are 
not sufficiently characteristic for determination. 


* Proce. Acad. Phila., 1870-1. 
+ Los Caballos Fossiles de la Pampa Argentina, 1875, pp. 37-438. 
¢ Amer. Journ. Sci. Arts, 1874, p. 252. 
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ARTIODACTYLA. 
MERYCHYUS, Leidy. 
Proc. Acad. Phila., 1858, p. 24; Extinct Mammalia Dakota and Nebraska, 1869, p. 115. 
Merychyus medius, Leidy. 


Leidy, Proc. Phila. Acad., 1858, p. 25; Extinct Mammalia Dakota and Nebraska, p. 
119.—Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 990. 


The greater part of the premaxillary and maxillary bones of the right 
side of a single individual represent this species. The third, fourth, sixth, 
and seventh molars are well preserved, while the other teeth are fragmentary 
or wanting. 

One of the characters of this and other species of Merychyus is the 
production forward of the anterior part of the jaws, beyond the postero- 
lateral border of the nares; the premaxillary being prolonged in front of 
this border further than the latter is in advance of the infraorbital foramen. 
The premaxillary is small, indicating a narrow upper lip, and contains three 
alveoli. It is codsified with the maxillary. The side of the maxillary above 
and in front of the infraorbital foramen is openly concave, in a manner not 
seen in Oreodon culbertsonii. There is a pronounced lachrymal fossa imme- 
diately in front of the orbit. The anterior border of the latter is above the 
middle of the posterior lobe of the penultimate molar. The infraorbital 
foramen issues above the middle of the last premolar. As in M. major 
and M. elegans, the third premolar has two internal lobes while the 
fourth has but one. The crowns are all well worn, indicating the maturity 
of the animal. Their inner lobes are convex and the external ones 
slightly concave, the lobes separated by a well-marked rib. There 
are no cingula, except a trace on the base of the external lobes of the true 
molars, and the enamel is wanting on the adjacent sides of the crowns. It 
is also wanting on the inner boundary of the central lakes of the true 


molars. ‘The measurements agree very nearly with those given by Dr. 


Leidy. 


Measurements. 
M. 
Wength! ofthe superior dental series:.2--4--- ae eee eee eee 0. 1215 
Length ‘of the.superior molar'seriesi. =---s-- ee ea ee eee 0. 1020 


Length of thetrue molar Seriestec see eee ee eee eee eee eee 0. 059 
Length of the second true molar. . 
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Width of the same...... .- Y polawen toc. cea tes Br sare ners ae ee 0. 022 
Length of the third true ane Eee ae Se Per yoy ck eet as striis area wisi 0. 02 

Widthvotethersameicsac. yoo wees oe Bee eae yee clo foe ater atoms 0. 022 
Width of the palate at the third premolar .... .-... Hee eem ats a oon a haar s «ONOBL 


It may be noted from the above measurements that the first true molar 
is a good deal smaller than the second. 


PROCAMELUS, Leidy. 
Proe. Phila. Acad., 1858, p. 89; Extinct Mammalia Dakota and Nebraska, 1869, p. 147. 
1 4 3 
Cr Gyan Mee 


number of teeth of the superior series anterior to the true molars was left 


The dental formula of this genus is I. ,; 
uncertain by Dr. Leidy, and I was able to complete our knowledge of it 
after an examination of Colorado specimens. I ascribed three superior 
incisors to this genus at that time, as they are possessed by the species 
which I named Procamelus heterodontus. Having obtained in New Mexico 
the nearly entire cranium of the P. occidentalis, I find that the single lateral 
incisor found in the existing Camelid@ is the only one that can be properly 
assigned to this genus. In this specimen, it is true, a small alveolus on one 
side contains a small crown of a second incisor, but, on the opposite side, the 
corresponding one is shallow and empty. As the last molar is not fully pro- 
truded, it would appear that this incisor is a temporary tooth, being removed 
before the maturity of the animal. It thus differs from the existing Camels 
only in the longer persistence of these transitory incisors. The position of 
the first incisor, in the specimen in question, is marked by a roughness of 
the surface, which indicates the still earlier removal of a tooth, and filling 
up of the alveolus. In the P. heterodontus, of which the superior dentition 
of an adult is in my possession, the alveoli of the three superior incisors are 
large and deep, showing that the dental formula is I. ae C. + Pm. ee M. 


;- The alveoli are empty in the specimen, but this is doubtless due to their 


regular funnel-shape, which gives little hold for the conic, though elongate 
fangs. This animal, then, represents a genus distinct from Procamelus, de- 
raat by the dental formula just given, for which I have proposed the name 
of Protolabis.* Vhe typical and only known species is Protolabis heterodon- 
tus, Cope, from the Loup Fork beds of Northeast Colorado. 


* Proc, Acad. Phila. 1876, p. 145. 


326 ARTIODACTYLA. 


In Procamelus occidentalis, an extensive fossa is situated above the 
posterior premolar series of teeth, and greatly contracts the middle of the 
facial part of the skull. These fossze are represented by rudiments in the 
Auchenia lama. In addition, the cavities known as “larmiers” in the 
Cervide are well developed in this genus, being many times as large as 
in the Llama, and quite equal to those possessed by some Deer. There 
are no lachrymal fossx. The supraorbital foramen cémmunicates with the 
superciliary border by an open fissure ; the lachrymal bone is large. The 
cranium resembles that of the Llama in its moderate sagittal crest, elongate 
paramastoid process, and otic bulla, and the downward production of the 
pterygoid bones. The incisive foramina are narrow and distinct. 

The ulna and radius are thoroughly coéssified. The carpus displays 
the characters of the Camelide in the absence of trapezium and distinct- 
ness of trapezoides, and the subequality of the magnum and unciform facets 
of the lunar. There are but two metacarpals, which, in the specimen de- 
scribed, are only codssified in their proximal half. As the epiphyses of 
the vertebra are not yet united, the present animal is not fully adult. In 
an older specimen, the cannon-bone is doubtless completed. In the tarsus, 
the cuboid and navicular bones are distinct, as in the existing Camel. 

I obtained a complete cast of the cranial chamber of the Procamelus 
occidentalis, which bears a fair proportion to the general dimensions of the 
skull’ As compared with a Llama of about the same size, the facial portion 
of the skull is longer, while the postorbital portion is as long, but narrower. 


This is indicated by the following measurements : 


Procamelus Auchenia 
occidentalis. lama. 
M. M. 
Length of the skull anterior to the orbit -....-....-....--..----. 0.180 0.153 
Length of the skull posterior to the orbit’.:... ..-.2...::.-.2.--- 0.110 0. 105 
Width of the skull at the anterior border of the orbit -.......---. 0.080 0. 090 
Width of the skull at the middle of the zygomatic fossa .......--. 0, 062 0. 065 


The olfactory lobes of the brain have nearly the same position in the 
two species, extending anteriorly to opposite the middle of the orbits. 

The brain exhibits large cerebellum and hemispheres and rather small 
olfactory lobes. The cerebellum is entirely uncovered by the hemispheres, 


but is in contact with them. The lateral lobes and vermis are well devel- 
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oped. The hemispheres are well convoluted, the longitudinal posterior 
convolutions giving way anteriorly to lobulate ones. The Sylvian fissure 
is well marked. The sides of the medulla oblongata are compressed and 
vertical at the pons, in correspondence with the vertical position of the pet- 
rous bones. The origins of the ophthalmic and maxillary branches of the 
trigeminus nerve are not divided by a septum, while that of the mandibular 
branch is quite distinct from the others. The optic nerves are large. The 
olfactory lobes are separated by a deep fissure below the extremity of the 
hemispheres; they project freely beyond the latter, being separated by a 
deep fissure. Their free portions are short, truncate, and compressed. The 
anterior pyramids are not preserved on the inferior face of the cast of the 
medulla oblongata. The hippocampal lobes are subround and protuberant. 

From the description given under the head of the P. occidentalis, it may 
be derived, that while the arrangement of the convolutions of the anterior 
lobes of the hemispheres is more simple than in any recent Ruminant, that 
of the middle and posterior lobes is essentially similar td that characteristic 
of the latter order of Mammalia.* 

A number of specimens of individuals of this genus were obtained, 
which are referable to two species, a smaller and a larger. Still larger 
individuals may be referable to a third species of the genus, or to the Pli- 
auchenia vulcanorum, whose teeth occur in the same localities. Three spe- 
cies, having similar relations of size, were originally described by Dr. 
Leidy, from Nebraska, under the names of P. gracilis, P. occidentalis, and 
P. robustus, and the first two are probably those found in the Santa Fé 
marls. In the corresponding horizon in Colorado, the proportions of the 
jaws and teeth of the Procameli obtained do not coincide with those of the 
species named by Dr. Leidy, one being intermediate in size between the P. 
gracilis and the P. occidentalis, and another intermediate between the latter and 
the P. robustus. 'The first I identified provisionally with the P. occidentalis, 
but I believe it to be distinct, and name it P. fissidens.t+ The second species 


is the P. angustidens, Cope. 


*See Paul Gervais, Journal de Zoologie, i, 1872, p. 459. 

* Procamelus Jissidens, Cope (? P. occidentalis,  Leidy ”, Cope Ann. Rept. U.S. 
Geol. Surv. Terrs., 1873, p. 531).—This species is distinguished by the shortening of 
the series of true molar teeth as compared with the premolars; for, while the second, 
third, and fourth premolars are similar in dimensions to those of the P. occidentalis, 
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Procamelus gracilis, Leidy. 
Proc. Acad. Phila., 1858, p. 89; Extinct Mammalia Dakota and Nebraska, 1869, p. 155. 
An imperfect mandible, with the symphyseal portion complete, sup- 
porting several incisors and canines, and the bases of the first four molars, 
represents the smallest species of the genus known to me, which is probably 
the P. gracilis of Leidy. I give measurements of the fragment : 


Measurements. 


’ M. 
Length of the jaw to the end of the fourth molar..-.....:..........-....-.-- 0. 127 
Gensth ot theisymphysis “2 252 --2 9-1 ee) eee Seah Se eee ere 0. 053 
Length’ tothe base.of theicanine en aa sern saeco ee eee ois eae 0. 020 
Length to the first premolar.......-...-. nN, GS IER 0. 044 
Length’ to the second premolarin ms cee aaa ieee ee ee 0. 076 
enrth to the-firstitrne molars. ..s4.-4 soe oe eee et Spee eee 0. 108 
Depth of the ramus at the first true molar. ..... Pa ISSO eo mSe aot 0. 033 
Depth of the ramus at the second diastema ....-...--...........-.-.--.. . 0,023 


The canine tooth rises close behind the external incisor, and the mental 
foramen is below the first premolar. 


the true molars are considerably smaller. The crowns of the latter are stout, and not 
narrowed, nor furnished with an antero-external ridge, as in P. angustidens, and the 
anterior external crescent projects free posteriorly in an oblique angular rib on the 
external face of the crown, being separated from the second crescent by a deep fissure. 
The last inferior molar is not very elongate, and the fifth lobe has a crescentie section, 
i. €., iS concave on the external face, as in the P. angustidens. 

The inferior border of the ramus is straight from the first true molar posteriorly. 
The anterior face of the coronoid process is oblique outward. The edge of the masse- 
teric insertion forms a low ridge, concentric with the convex posterior border of the 
jaw. Like the inner face of the same portion of the jaw, the surface is flat. 


Measurements. 
P. fissidens. P. occidentalis. 
M. M. 
Length) of the entire: molar’ seriess5-s--.4-2= see eee eaee sae eae cece ee hese aeae ee 0. 112 0, 126 
Length of:thespremolars'.. 22-2. se cesmee -oseeeeeeieseaclseeeoue ee Seee= eee ees ae 0. 0385 0. 042 
Length ‘ofthe second. trne:molorns-c--- sae seco eee eas nena e eee eee ane eee 0, 023 0, 0275 
Width of the same... 2-25 saaccsceenoectenias sae ree eee ee as ee ee aa ona 0.015 0. 0165 
Length of the third true molar. ...... 2222.22... .--- ne hoses - Santee Sees wees 0. 033 0. 036 
Wadthiof:thesamoes ss — 2252 acre eo eee ee em O NC) 14: 0,014 
Depth of the ramus at the first true molar ........---- Oe een AB Aas See a 0,035 coeeee 
Depth of the ramus at the middle of the last molar..........-....--.-----+------ 0. 040 0, 051 
Depth of the ramus at the apex of the coronoid process...........--------------- eIVA 9 SS Scce 
Depthroftheramusiat the condyle 25.2.2 .e- sa eee eee eee eet eee eee <= 705108 0,118 
Depth of the ramus at the postcondylar angle. ...--. .-.--...---. ---. w--- ee eee 0, 069 0, 085 


One ramus nearly entire and the molars of another (excepting the last) were 
obtained near the Pawnee Buttes of Northeastern Colorado. 
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Procamelus occidentalis, Leidy. 
Plates liii, fig. 2; Ixxvi; Ixxvii, figs. 1-3; Ixxviii, figs. 1-9; Ixxix. 
Leidy, Proc. Phila. Acad., 1858, pp. 23, 89; Extinct Mammalia Dakota and Nebraska, 
1869, p. 151.—Cope, Ann. Rept. Chief of Engineers, 1875, ii, p. 990, pl. ii. 


The cranium and a considerable part of the skeleton of this species 
were excavated from a soft calcareous sandstone near the Pueblo village of 
Pojuaque by myself and assistant, and were preserved in good condition. 
They have given to paleontologists the first definite information as to the 
structure ot the limbs and cranium in this genus of extinct Camels. 

The cranium is long and anteriorly narrow; its width is about equal 
to that of the Llama, but it is considerably longer, the excess being chiefly 
in front of the orbits. The sagittal crest is short and continues into the 
exoccipital crests, which themselves continue forward into the zygomata. 
The brain-case is rounded laterally and above in cross-section, descending 
slightly to the interorbital region, which is plane. The nasal bones are 
elongate and quite narrow, but do not project beyond the anterior border 
of the premaxillaries, with which their lateral borders are in contact for 
nearly an inch. The premaxillaries are produced downward and forward, 
and are of subequal width, until they turn horizontally forward, when they 
narrow to a slightly recurved acuminate apex. About half-way between 
this point and the orbit, the maxillary bone is extensively concave, thus 
narrowing the straight bridge of the nose. The space above the diastema 
is also concave in a longitudinally oval form. The malar ridge of the 
maxillary is not very prominent, continuing into the beveled and grooved 
inferior face of the malar bone. The anterior part of the latter rises to a 
point a little above the middle of the front of the orbit, and is in contact 
with the entire inferior border of the lachrymal. The lachrymal is a wide 
subparallelogrammic bone, wider behind, with its long axis directed down- 
ward and forward. It separates the lachrymal sinus by a rather narrow 
space from the orbit. The lachrymal sinus is large, longitudinal, and dia- 
mond-shaped; the maxillary or antero-inferior and: the frontal or postero- 
superior borders being the longest. The orbit is completely closed, and is 
nearlyround. Its superior and posterior borders are crenulated ; the inferior 
is thin and entire. The low ridges from the posttrontal regions which bound 
the temporal fossz do not unite anterior to the middle of the parietal bone. 
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The malar bone is deeply notched to receive the elongate wedge of the 
zygomatic process of the squamosal; its external face is concave. The 
zygomatic process is low, and but little expanded laterally. 

The otic bulle are especially large, projecting far downward. ‘They 
are filled with cancellous tissue. They descend vertically from the meatus 
auditorius much below the basicranial axis, their long transverse axis being 
directed forward and inward. They present a deep, vertical stylohyal fossa, 
opening backward and then outward. The inner wall of this fossa is con- 
tinued into the paroccipital process, forming a wall directed outward and 
backward to the apex. The paroccipital process is nearly transverse at its 
superior part where the external margin is rolled forward. It is not very 
long, not quite reaching the line of the inferior borders of the occipital con- 
dyles. Superiorly, the plane of its margin rises to the inion, and its poste- 
rior border turns backward into the occipital condyle. The middle of the 
space inclosed between the former ridge and the glenoid cavity is pierced 
by the round meatus auditorius externus, which has a prominent margin. In 
front of the anterior margin is a deep crescentic greove concentric with 
it. The inion is very prominent. The occipital region rises vertically from 
the foramen magnum, and its superior border is produced posteriorly. In 
transverse section, this region is very convex medially, and deeply concave 
on each side above the bridge connecting the paroccipital process with the 
condyle. A large foramen pierces the occipital bone in the fundus of this 
concavity. 

On viewing the cranium from below, one is struck by the great inequal- 
ities of its surface. The occipital condyles inclose, with the paroccipital 
processes, a deep and wide fossa on each side. The bulle are very protu- 
berant, but do not project so far as the the pterygoid processes of the sphe- 
noid bone. The palate is extremely narrow at the diastema between the 
first and second premolars, and gradually widens forward until, between the 
external incisors, it is as wide as between the second premolars. The apices 
of the premaxillaries are separated by a deep notch. The posterior angle 
of the maxillary bone projects well beyond the notch, separating it from the 
processus triangularis of the palatine bone, which carries the palatal roof 


back nearly as far as the posterior margin of the last molar. Anteriorly, 
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the palatine bones extend as far as the line of the middle of the anterior 
column of the second true molar, The posterior nareal trough is very 
deep, rather short, and wider behind, owing to the gentle lateral spreading 
of the pterygoid processes of the alisphenoid. The occipital condyles con- 
verge rapidly below, and are almost in contact medially. The basioccipital 
is angulate in the anterior two-thirds of the middle line. The posterior por- 
tion is marked by an angulation on each side, which renders the inferior 
surface flat. The sphenoid is still more strongly angulated on the middle 
line, so that it is separated from the walls of the nareal fossa by an archway 
on each side. 

Foramina.—The lachrymal canal opens on the inside of the orbit. The 
supraorbital foramen is connected by a deep fissure with the orbital margin. 
The foramen infraorbitale anterius opens above the anterior portion of the 
first true molar tooth. The incisive foramina are narrow ovals, extending 
from opposite the position of the second incisor tooth to half-way between 
the third incisor and canine tooth. They are separated by the posterior 
processes of the premaxillary. The external nares form a narrow oval, 
acuminate in front and below, and notching each nasal bone posteriorly 
and above. The palatine foramina are round and opposite the division 
between molars fourth and fifth, in the middle of the -palatal face of each 
maxillary bone. The foramen ovale is round, and is situated at the apex of 
the deep notch which separates the anterior boundary of the otie bulla from 
the posterior border of the pterygoid process of the sphenoid. It is isolated 
from the foramen lacerum anterius. he latter is relatively small, and is 
nearly as wide as long. The foramen lacerum posterius is well separated 
from it, owing to the close appression of the otic bulla and basioccipital 
bone. It is divided into two foramina, of which the posterior is the foramen 
jugulare, while the anterior is the vagal foramen. There is no distinct 
carotid foramen, but the foramen glenoideum is present, of moderate size. 
The foramen condyloideum anterius is rather small, and is situated immedi- 
ately under the anterior part of the condylar surface. 

Besides the difference in proportions already mentioned, several im- 
portant characters distinguish the cranium of this species from that of the 


Llama. One of these is the very slight palatal notch, which only extends 
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to the line of the extremities of the last molars. In the Llama, it is deep, 
reaching the line of the middle of the penultimate molars. Second, the 
basioccipital is flat in the Llama, and the sphenoid only rounded; in the 
P. occidentalis, both are angulate or keeled. Third, the foramen magnum 
has a V-shaped superior border in the Llama; in the P. occidentalis, it is 
slightly notched at the middle of the superior border. Fourth, the ptery- 
goids are only angulate in the extinct animal, not produced into processes 
asin the Llama. Fifth, the palatal foramina in the Llama have a more 
anterior position, issuing in front of the third (first) premolar. The glenoid 
and condylar foramina are much larger in the Llama. 

The teeth of the specimen described are in good preservation. The 
external incisors and canines are alike, their crowns being slightly-com- 
pressed cones. The space between them is about equal to that separating 
the canine and first premolar, while the space between the first and second 
premolars is greater. The second premolar is small, half as large as the 
third, is compressed, and has a slight anterior cusp. The third consists of 
a small anterior cusp and a long posterior blade. A strong basal cingulum 
represents the interior crescent. The fourth premolar is little longer than 
the third, but differs from it in the possession of an inner crescent ; its 
external angles are prominent, separating a concave face. The true molars 
are rather narrow. The anterior horn of each crescent is prominent, repre- 
senting the section of a prominent ridge; between the ridges, the external 
face of the lobes is flat or concave. There is no enamel on the outer wall 
of the inner crescents in the last two molars. The enamel is smooth, and 
is without cingula. As compared with Awchenia lama, the molar teeth are 
larger and longer, and lack the prominent ridges on the external faces of 
the external crescents. The incisors and canine teeth have not the com- 
pressed trenchant form of those of the Llama. 


Measurements. a 
Totallength of the skull’ belows.-esee ssa see ease ae eee see tee nee 0. 303 
Length (axial) to the external incisor. ............:- ...-. cee RS icteric 0. 025 
Length? (axial)'to the: canine, (-- <2 epee ees eee eee eae eee a O04! 
Length (axial)ito'thevfirst premolar. cess] eee eee cae cose eee eect 0. 061 
Length'(axial) toythe'second ‘premolareuesesree «ete eae ise eee eee 0. 093 
Length (axial) to:the:first true molar s2222-.). 02. -2-00- see teas eerie sie - 0.126 
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Length (axial) to the end of the true TOL ATS Mere et areas i. te as 0. 202 
Length (axial) to the palatal notch........---...-- 2+. 2. eee ee eee ee eee. = 05196 
Length (axial) to the end of the nareal fossa .......----. - +--+ -2+-2- esses 0, 233 
Length (axial) to the basioccipital....-......--------+--.-------- SMS Tae 0. 255 
Length (axial) to the occipital condyles. .......--..----. +2. 0s eee eee one 0. 282 
WidthratitherextermalsinCiSOrsicaci +. soe seek acis velo asics se stent oe eicle a cle eta 0. 028 
AWC GHea DNGIPOSECLIOMGIASLEIMN a yeeiay-ces siete el sisieie or rete ietnre si elsrnl > iafaleneraieiz ie = 0.015 
Width between the extremities of the last molars......-- Sear Ee ee eee FE OOOU, 
Width of the nareal fossa behind ..........--- A fone en aan Oe oe oe OR Oa! 
Wadth-between the oticibull interiorly ...- --..2. ...-- -.. 222225 ee we sees 0. 025 
Width between the same exteriorly ...-.......-- SSRN Koc oetteese cee -OSOTD 
iWadthrorthe.oceipitalycondylesisec sos 2.4. oes stage =o esis drie pm je 0. 045 
Width of the foramen magnum ........ - AST BES COED Ua Serr ree ---- 0.020 
Width of the external nares. ....... .-:....- 0. 023 
Width of the bridge of the nose at the middle. -..............-..-.. +...-. 0. 020 
iWadthyoistheront between therorbitsye: eames = clo sete eicsistel )-melasecies et 0. 090 
Wiathabetweenithe zy COM a taienc ees ois eielere cis venient = ocseiniei elec ox etal 0.117 
Wira throtstheybrain- Casey cen isc sre ccetereisreeicis a os! =lnvaycvntar tal alacett ctnisysyetsun eterayavs 0. 061 
Width of the occiput ......- Bre bigat aie tLe oe) Seo ie ss sea als Shaye ies atloele, Sasere 0. 069° 
Mencthvotpherirstsraerm Ol ater wre ole cicetenaaiais)-yele tee aiele elas ss elaselenate 6 0, 0220 
Width of the same........ Jattio uiiderS Gees Tc aes Odeo ee eee ane ae 0. 0165 
iene Ghiotthe:secondstrae m Olat ce celcaa acre vo cas nie Seielst csic tens =e ice 0. 0310 
Wiidthrofthersam pega aoe ciicse os 1s = ohio: cee: ee a REO Cot reeoe 0. 0165 


Of vertebre, there were obtained a number of cervicals, dorsals, and 
lumbars. The cervicals are, as in other Camelida, disproportionately large, 
and display the typical! character of the group in the absence of the verte- 
bral canal. The atlas is rather short, and the transverse processes not 
much expanded laterally. They commence in front at the edge of the 
occipital cotylus, and expand backward, extending half an inch outward 
from, and an equal distance posterior to, the face for the axis. The ante- 
rior border has four notches, two larger and two smaller. The latter are 
lateral, and divide the occipital cotyli for half their depth. Of the former, 
the inferior is the wider, and does not separate the cotylar surfaces, which 
the superior notch does. The neural canal is anteriorly depressed, posteri- 
orly round. The vertebral foramen enters at the superior base of the 
transverse process, and reappears on the inferior side at the posterior end 
of a fossa. At the anterior end of this fossa, it again pierces the neura- 
pophysis, entering the neural canal, just behind the cotylar surface, on the 
upper side of the canal. At the point of exit, it also pierces the superior 
wall of the canal. There is no tuberculum atlantis, nor neural spine. The 
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axis is elongate. Its odontoid process is only reverted at the sides near its 
base. In its distal half, the superior face is plane or convex, with a sub- 
acute margin all round. ‘The articular faces of the centra of the other cer- 
vicals are plano-convex, the anterior ball being a good deal flattened. 
There is a sharp hypapophysial angle, which terminates behind in a short 
tuberosity. The transverse processes extend the entire length of the cen- 
trum, and are greatly expanded, forming a broad lamina, with concave 
inferior face, and produced downward and outward in front. Above this, 
the sides of the vertebra are concave, the open groove being bounded 
above by a strong obtuse angle, connecting the zygapophysis. The neural 
spine is represented by a low ridge, which extends between two angles or 
ridges of the surface, which come together a little behind the border of the 
neural canal, obliterating the median keel. The posterior dorsals, with the 
diapophysis low down, are rounded below. The zygapophyses are embrac- 
ing, and the neural spine is rather high. The anterior lumbars have a 
median inferior angulate keel, while more posterior lumbars have an addi- 
tional angle on each side of the median one. The articular extremities are 
nearly plane. 


Measurements. 

M. 
Length of the atlas on the median line above. ......-...5..-0.-0.-20 ++ +e: 0. 035 
Length of the atlas'on the laterallborder= <2. << ioe ee cvs ocicnetlers =) evetele =iteielelete rs 0. 069 
Wid thiof:theyatlastimetron tise ci arses clase eee serie ecto ee eeeit eaeesreterate aeieweOs Ook 
Depthiof the atlas! in) frontiae 2 sapesiaitssee ele ee eee tee een tate 0. 027 
Diameter of the neural canal behind { Mouple es cSeo cada cacbbycs seas eere WS gBe 
CrANSVerselepe. eae onie eer == 0.026 
Transverse extentof atlas behindie see. aac cele ee eter ce te oe cvalseareltete ere 0. 072 
Transverse extent of axis anteriorly <1 - t-te slap eleieles ele) silo lefoly Mele eieepeee 0. 046 
Leneth ofthe odontoid process eer :ctr arse retary tte ol -toe oti saa te rete deere alle -tarete=retor= 0. 016 
Lengthof, antunteriorcervicall|(below)iceveryie seis els ise -pale) aieletoiileket tra sea 01082 
. a VOT bICA Se te eee eee rere teioieis Beeneetscte eter tore 0.019 
Pianeta 0b thea { $LANSVETsel eo. shee eee earn ee eee 0. 021 
Expanse of the anterior zygapophyses. ........ .-.------ 2.222 eee ees ee eee 0. 040 
Least external width of the neural arch above ...................---------- 0. 021 
en¢th' of a more posterior cervical below: seer sis sar see toa ele ee at Nel oe = 0. 080 
Width of the same between the diapophyses in front.......-.--------+------ 0. 076 
Width of the same between the diapophyses behind .....-..-.--..-- .------ 0. 066 
Length of the centrum of the posterior dorsal ..-....-.......---+.+---+----- 0. 035 
ea isteach cE at aq i§ WELUIGAI Ns tafetoteye oRereictereiterese tele tee er ill tata 0. 019 
Diameter of the same posteriorly ecincny ca He eens Ge aeae 0,028 
Height:of the neuraliarch:. 2.2. 2c ssc pe eee erie ete iete creteltattetetemtererctcte 0. 011 
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Height of the neural spine above the arch ......----.----- +--+ -+---+--- 0.042, 
ene thy ofa posterioriambarice ase ietel= eieicie p< See eee 10039 
Diameter of the centrum behind | ICE CAN Se ectoracher Sats sei “T-k ieieae ao ue ae 

MOVING! oSacse Boatosn hn Seobcaspcacers 0. 027 
Expanse of the posterior zygapophyses ...--...--..-------+--+- i veude pe 05022 
Meng thtomtheypasevomdlapopNysiS.a<c4 c/a) = eee wi tel seine eter lapel mei 0. 016 


The atlas, as compared with that of Auchenia lama, is similar in size, 
but the neural canal is smaller, its diameter in the Llama being 0.028 behind. 
The foramina are relatively still largerin the Llama. In the axis, it is note- 
worthy that the odontoid process is not so extensively excavated on the 
superior surface. The other cervicals are relatively and absolutely smaller 
than in the Llama, and the transverse processes are more widely expanded, 
especially along the middle of the centrum. The low neural spine of the 
recent species is wanting in the extinct one. The lateral angles of the infe- 
rior aspect of the centrum of the lumbar vertebrze of the P. occidentalis are 
wanting in the Llama. 

The entire fore limb, with the exception of the two distal pairs of pha- 
langes, is preserved with the proximal part of the scapula. The glenoid 
cavity of the latter is nearly semicircular in outline. The coracoid process 
is a thick protuberance, extending in the long axis of the glenoid cavity, 
which, toward its extremity, sends inward, at right angles, a flat hook, con- 
cave on the posterior side. The spine rises abruptly at its origin, and is con- 
tinuous for a short distance with the anterior border of the scapula. The 
humerus is rather slender, and is characterized by the large size of the tuber- 
osities. They are connected at their bases, the connecting mass inclosing 
a deep fossa with the head, or condyle. The greater tuberosity is produced 
much beyond the head proximally, but not much beyond the line of the an- 
terior border of the shaft. Its extremity is curved inward and upward. 
The lesser tuberosity is parallel with the external face of the greater, and 
nearly with the long axis of the head, and only projects beyond the con- 
necting mass by a keel. A tuberosity divides the bicipital sinus into two 
grooves. Not far below the head, the anterior border of the shaft presents 
a rather compressed protuberance. The condyles are compressed, and with 
a trace of epicondylar tuberosity on the outer side only. The olecranar 


fossa is deep and narrow, and the radial fossa is contracted and not very 
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deep. On the inner side of the anterior face, just above the condyle, is ¢ 
shallow excavation for contact with the head of the radius on flexion. The 
intertrochlear ridge is an obtuse angle. 

The codssified wna and radius form a slender bone, with a slight con- 
vexity of the inner border at the proximal fourth, but otherwise nearly 
straight. The proximal end of the ulna is much compressed and subacute 
below. The humeral cotylus is narrowed backward from the radius, and 
is equally divided by a strong longitudinal keel. The olecranon descends 
immediately from the coronoid process. A very narrow fossa (perhaps a 
foramen) separates the extremity of the ulna, and a groove bounds the nar- 
row epiphysis of the same on the inner side. The three distal facets are 
all distinct, the lunar being a little the narrowest. The ligamentous groove 
of the superior (anterior) face is wide and smooth. The external side of 
the extremity presents a shallow fossa; above the internal extremity, the 
inner border is protuberant. The metacarpals still exhibit a trace of the 
common suture throughout the length, but there is no groove on the ante- 
rior face. The posterior face is concave for the proximal two-thirds. There 
are no faces for rudimentary lateral metacarpals. The distal fissure is deep, 
and the condylar carinze large, but obtuse, and extending only on the pos- 
terior half of the condyle. The proximal interosseous foramen is minute, if 
present. 

In comparing the scapula and fore limb of the Procamelus occidentalis 
with that of the Auwchenia lama, the following relations are noticeable -—The 
bones are of the same length, but those of the extinct species are more 
slender. The portion of the scapula of the latter preserved resembles that 
of the Llama much, but the glenoid cavity is narrower. The humerus dif- 
fers much in its proximal portion. The great tuberosity of the Llama is far 
less prominent in all respects, while the lesser and intermediate tuberosities 
are more so, the three together forming a much wider mass than in the P. 
occidentalis. The deltoid crest is curved backward in the Llama, which it is 
not in the fossil species. The condyles are much more robust in the Llama. 
In’ the ulno-radius, it is to be observed that the carina of the humeral coty- 
lus is much less prominent in the Llama, and the olecranon does not descend 
so steeply from the coronoid process. The proximal interosseous foramen 
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does not penetrate in the Llama, while it does in the Procamelus. The supe- 
rior distal ligamentous groove is exterior in the Llama, nearly median in 
P. occidentalis. The cannon-bone is similar, but more slender. The carpal 
bones, although less robust, nearly resemble those of the Llama, but the 
magnum and unciform facets of the lunar are more nearly equal than in 
that species. The pisiform is large and expanded distally. Its cuneiform 
and radial facets are equal. The phalanges only differ from those of the 
Llama in the greater prominence of the proximal ligamentous insertions and 
the rather more slender shafts. 


Measurements. 


M. 
Long diameter of the proximal end of the scapula .....--....-.--.----+----- 0. 054 
Long diameter of the neck of the scapula .....-.-----..------ e+ee-eee eee 0. O51 
Long diameter of the glenoid cavity of the scapula.........--..--------+---- 0. 035 
Short diameter of the same..... .--:..-..-. Eecba soonod SOUraD See caone -.-. 0.029 
Mencitlwote they numer smite setae ston tere oles <fatalel= alafeleiwin = el ieicia-2/<ins elole stailshai='~ lei~'aic te 0. 250 

: : IG? WAne soaconpous oon poMoo Co SsuSUS Ee eareds 0. 073 
Diameter of the proximal end { eee eh eek See Cae oie An cen 0.050 
Woneadiamebenotsthepnead es vt eicts stcraloige ciate crete lorclaloinr= mol cia) syaiets) inte «s/o elm iciai 0. 040 
Projection of the greater tuberosity bevond the head.......-.....--.+------- 0, 034 
Ione-diameter of the shaftiat the middle a ~ ..--.2 5. ce cic Seleewics =a 0. 030 
Transverse diameterot the distal’ end..,-.0< <2. oi. 6 « = cicnivie clasiesie ocaises ce sae OKOLD 
Antero- Posterior Giameter Of The SAME... << ccs nce wiien ns wae cee ees sms oeiewnt= 0. 040 
en sthiofthewulno-radits Om Che CHOLd 13.1.) <1 eee cree sie a/sicie ole vnee oninin's.sie'e:cie 0. 350 
Depihwabauhesheadvotethesra dit sept oepeuejecs =i eicin.c sei aiwteicleisieieie to. =! cc) share 0. 040 
Depth at the middle of the shaft........ Ae DOO OOS Hel GUA SMe: Aen 0.015 
Width at the middle of the humeral cotylus......--..--..-.- ones SOS Se * 0.012 
Width at the middle of the shaft............---------- eee eee eee eee eee 0.028 
Width of the distal end of the radius .......... Lh SaSeemO nano neemae edeunce 0. 042 
Wepthiotdhersa memes. eee mien tele eiiele rae atarotleteetapara ors seusvelaieisvaioneeieieustonre s/t 0. 027 
iene Gheofethorcannon-oOne meee cece cette tele orale rkstetal= sfaiel= istela='= isle sere iststece l= ir 0. 226 

i Te De o(( PURE NRK) Sone Senda dooosnoe Gore boseudonaans 0. 023 
POOR SRE { panera Be re aeons eos, er ionaec ee ee 0.032 
Transverse distal diameter ..-...-. Sirs Malet a Tctad Ta heretal o cinis eictacraar asters Sees i cle sia 0. 041 
ene ThrOmth ey CALPAlSCLieS pettaters, ators serene tieyatet leis le leleial= (ooteln ere ole clots iotefet <olnfev= «iol 0. 025 
ena timotauhenl un an escre cxeteris cre terete on eiere iain ones steric hele cieteleye ie otevelotes<teiehsiet=yoieieye%s 0. 018 
WV CARG fab OL SAM G ay-terses cic revere rere,aroreeratoteteleless store clone a stelelocinteloeiciale telegsincsiarcton ious 0. 013 
IDEN Oe WOE Dosa capesesoacdouc. conc nuoboD Aocbcd cob dm Sodan Sse neopSes 0. 022 
Meno hwo fet hey piSit OLMys aaa -ssteyteoto ye ae weeere ice tetetatorerersiotetnercisteialcioist ai o's. - 0. 025 
Werticalew dthyomther Same! «= cecctel-selclaretetominnn ile eicisiaciseeiamel vee cere = 0.019 
Men runeOimtheroLapeZOldes tans saa ace nels ieee pt eieisincleicticcmom cieitcisisesiiscls oc 0. 012 
Wildlthofethersame@ reir sees sence coe ccatciciee nicieeicntiae eteieininteisistice esc <a,ccc.s « 0, 012 
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Brain.—This organ displays the characters of the older types of Rumi- 
nantia, although not materially smaller than that of the Llama, an animal 
which it equaled in general proportions. The hemispheres are, however, not 
produced so far posteriorly in the Procamelus as in the Auchenia, reaching 
only to the line of the meatus auditorius externus inthe former. The vermis 
of the cerebellum rises abruptly from the medulla, having a nearly vertical 
direction to a point a little lower than the superior plane of the hemispheres. 
The lateral lobes extend on each side of if, each one having a rather greater 
width than the vermis. Their posterior faces are subvertical, and are 
directed slightly forward. Each projects laterally into an apex at the mid- 
dle of its elevation, and then contracts downward into the angular line 
which marks the posterior border of the petrous bone. From a point 
between each apex and the vermis, a ridge rises obliquely inward to the supe- 
rior plane of the cerebellum, where each one enlarges and joins the median _ 
transverse line. The angle above described as descending from the lateral 
apex of the cerebellum curves forward, forming a lateral angular border of 
the pons varolit on each side. The flat space inclosed between this line and 
the posterior border of the hemisphere is interrupted by two prominent tuber- 
osities. The superior is small and suboval, and is near to the posterior bor- 
der of the hemisphere. The other is a short, prominent ridge, directed 
downward and forward, just behind the lobus hippocampi. Its inferior end 
corresponds with the origin of the mandibular branch of the trigeminus and 
perhaps the facial nerve. 

The medulla oblongata is contracted at the foramen magnum, and has a 
subround section slightly flattened below. Its inferior face is then rounded, 
then flattened, and then concave between the anterior part of the lateral 
ridges. The bases of the maxillary branches of the trigeminus nerves are 
stout, and directly in line with the origins of the mandibulars. Between 
them, the base of the brain is concave, and the optic nerves issue but a little 
distance in front of them. The lobi hippocampi are subround and rather 
prominent. They are terminated in front at the foramen sphenodrbitale by 
the contraction of the cranial walls. Their surface displays slightly-defined 
convolutions, the best marked being inferior and subround in form. 


The cerebral hemispheres, viewed from above, have an oval outline, 
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and are rather narrower anteriorly than posteriorly. They contract poste- 
riorly from the Sylvian convolution. The profile descends gradually to the 
olfactory lobes. The superior surface is little convex in the transverse 
direction. The fissure of Sylvius is nearly vertical in position, and its 
superior extremity is visible from above. A strongly-marked fissure extends 
posteriorly from it, defining the lobus hippocampi above. 'The Sylvian con- 
volution is the thickest of all, and its outer border is emarginate in front 
and behind. Below the postero-superior emargination, it is thickest and 
most protuberant. Between it and the position of the falx, there are three 
longitudinal convolutions, the external, the median, and the internal. These 
are slightly divergent posteriorly, but the posterior extremities of those of 
ofie side tend to unite on the posterior border of the hemisphere. Their 
surfaces are smooth. The external is widest medially, and it terminates 
anteriorly just behind the apex of the Sylvian convolution. The internal 
is double posteriorly. The median is simple, and unites with the internal 
above the apex of the Sylvian convolution. The two conjoined continue 
for a short distance, and terminate ina broad tuberosity. Below the external 
convolution, on the side of the posterior part of the hemisphere, there are 
four small longitudinal convolutions. The orbital portion of the hemispheres 
is extensive, and nearly smooth from the olfactory lobes to the supraorbital 
border. This is not prominent, but is represented by a short longitudinal 
ridge. Above each of these, on the superior or front aspect of the hemi- 
spheres, is a massive convolution, bent crescent-shaped, with the convexity 
inward. The posterior part of the convolution is a subround tuberosity, 
which stands opposite to, and in front of, the furrow separating the Sylvian 
and median convolutions. The middle part of the crescent is less promi- 
nent, but the anterior extremity forms another tuberosity, whose long axis 
is directed downward and outward. The crescentic convolution of the one 
side is separated from that of the other by a wide, shallow, median, longi- 
tudinal groove, which extends transversely at the posterior tuberosities, 
The two tuberosities and the olfactory lobes form three descending steps. 
As compared with the brains of the existing Bovide, that of the Procam- 
elus differs in the forms of the cerebellum and medulla oblongata, as already 
pointed out. The hemispheres differ in being shorter behind and more de- 
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pressed in front. The convolutions of the posterior region are the same in 
number as in the Sheep, but are less undulating in their outlines; but there 
is a marked difference in the anterior convolutions. The median convolu- 
tions do not, as in the Sheep, extend to the extremity of the anterior lobe, 
but terminate above the Sylvian fissure, so that there only remain in 
front of them the two large supraorbital convolutions, instead of the four 
common to: existing Bovide and Cervide.* In this respect, it more nearly 
resembles Oreodon, but, in this genus, the internal convolution is continuous 
with the supraorbital.t 

A fragmentary lower jaw of a second individual exhibits nearly all of 
the lower molars. They present the proportions of those of the P. occiden- 
talis from Nebraska, and are not compressed, or otherwise like those of tlte 
P. angustidens. 

Restoration—As a result of the preceding examination, it is evident 
that the Procamelus occidentalis was an animal of about the size of the Llama, 
but one of more symmetrical proportions. The neck was not quite so dispro- 
portionately long, while the limbs were more slender and the head and 
muzzle more elongate. The muscular insertions being generally more prom- 
inent, we may conclude that it possessed in life greater muscular power, 
and especially agility. 

PLIAUCHENIA, Cope. 
Proc. Acad. Phila., 1875, p. 258; Ann. Rept. Chief of Engineers, 1875, ii, p. 989. 


This genus is established on the dental characters exhibited by a man- 
dibular ramus, in the following formula: I.?3; C.1; Pm. 3; M. 3. The 
absence of a premolar tooth distinguishes this genus from Procamelus, the 
second, or first of the continuous series, being the one omitted. A portion 
of the left maxillary bone of a larger species is thought to belong to the 
same genus, although it presents the number of premolars found in Pro- 
camelus, viz, four. The first and second are, however, very close together, 
so as to leave about the same relative interval between the first and third 
as is seen in the P. humphresiana, should the second premolar be omitted 


* See Leuret et Gratiolet, Anatomie comparée du Systeme Nerveux, 1839-57, 
Atlas, plates vii-x. > 
+ Leidy, Extinct Fauna Dakota and Nebraska, plate xiv, fig. 11. 
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The latter tooth is wanting from the lower jaw of the P. humphresiana. 
The difference in dental formula between the superior and inferior dental 
series admitted provisionally in Pliauchenia finds justification in the formula 
of the Llamas (Auchenia), where the premolars are =. 

The line of descent of the Horses has been already traced by several 
paleontologists. Another series has been nearly completed by recent 
discoveries,* viz, that of the Camels. I have already indicated+ the ante- 
cedent relation in which the Miocene genus Poébrotherium stands to the 
existing Camels in the structure of the limbs and teeth, as well as the 
intermediate position occupied by Procamelus in the characters of the incisor 
teeth. It now remains to point out the relations determined by the structure 
of the feet in Procamelus, and the dentition in Protolabis, and as described in 
the preceding pages. Commencing with the earliest genus, Poébrotherium, we 
have the molar teeth 4-3, as in the primitive Mammalia generally. There 
are but two elongate metacarpals, which are not united into a cannon-bone; 
the lateral ones being rudimental, while the carpals are of the number 
characteristic of the Mammalia of all the orders with numerous toes, 
namely, seven. In Protolabis of the succeeding formation, the molar 
formula continues to be 4—3, but the posterior teeth are more prismatic in 
form than in the Miocene genus. The incisor teeth are present, thus dis- 
playing the primitive character of the class generally; though, as these 
teeth are easily shed, an approximation to the edentulous condition existing 
in this part of the mouth of Ruminantsis apparent. It is in Procamelus that 
the incisor dentition of the existing Camelide is first seen, but that genus 


still retains the molar dentition of the primitive character, the formula being 
leider 


+; M.3. In the feet, the approximation to the existing Camelid@ is 
greater than in the dentition. Thus, the lateral rudimental metacarpals of 
Poébrotherium have disappeared, and with them the trapezoides of the carpus. 
The magnum remains distinct, while the middle metacarpals are united at 
full age into a cannon-bone. In the contemporary genus Pliauchenia, a 


further modification of dentition is observed. As above stated, the molars 
4-3, 
4-3? 
* See Proc. Acad. Phila., 1875, p. 261. 
t Bull. U. S. Geol. Survs. Terrs., No. i, 1874, p. 25; Ann. Rept. 1873 (1874), p. 500. 


in Camelus, they number $3; in Pliauchenia, we 


of Procamelus number 
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have the intermediate condition '*. The end of the series is seen in 
Auchenia, where the formula is >}. 

The evolution of the existing types of Camelid@ is a good illustration 
of the operation of the laws of acceleration and retardation. In evidence 
of this, we may follow the growth of the foot and dentition of the most 
specialized, and therefere the terminal genus of the series, the American 
Auchenia. It is well known that the animals of this genus, in common with 
other Ruminants, have the constituent metapodials of the cannon-bone 
distinct during a longer or shorter portion of foetal life. As these elements 
are permanently distinct in the oldest or Miocene genus Poébrotherium, it is 
evident that acceleration of the process of ossification has caused their 
union at successively early periods in the genera of later ages. This is 
indicated by the long duration of their separation in the Loup Fork genus 
Procamelus. It is also well known, since the time of Goodsir, that the 
embryos of Ruminants exhibit a series of superior incisor teeth, which 
disappear early. It is probable, but not certain, that, in the Miocene genus 
Poébrotherium as in various contemporary Selenodont Artiodactyla, the 
superior incisors persisted. I have, however, discovered that these teeth 
persisted in the Loup Fork genus Protolabis during adult life. I have also 
found that one (the second) of these teeth in Procamelus occidentalis persisted 
without being protruded from the alveolus until nearly adult age. In genera 
(e. g., the Bunodont Artiodactyla) where the incisors are normally developed, 
they appear at about the same time with the other teeth, and continue to 
develop to functional completeness. This development is retarded in Pro- 
tolabis, since they are not so matured as to remain fixed throughout life in 
their alveoli. In Procamelus, the retardation is still greater, since the first 
incisor reaches very small dimensions, and is with its alveolus early removed, 
while the second incisor only grows large enough and for a sufficient time 
to occupy a shallow alveolus, without extending beyond it. In the first 
incisor, the process of retardation has reached its necessary termination, 
2. @, atrophy* or extinction, while in the existing Camelide the second 
incisor also has disappeared in the same way. In Ruminants other than 
Camelida, the third or external incisor has undergone the same process, 


* See Proc. Acad. Phila., 1876, p. 17, for an explanation of these terms. 
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while in the Bovide the canines also have been retarded in development 
down to atrophy. 

In the genus Auchenia, as has been pointed out, the premolar teeth are 
two in number; in Poébrotherium of the Lower Miocene, they number four, 
the first and second of the normal Mammalian series being present. The 
first premolar is present in Poébrotherium, Protolabis, Procamelus, Pliauche- 
nia, and Camelus. It is wanting in Auchenia and other Ruminantia. In the 
latter, it is present in the foetus, but soon disappears. In Auchenia, accord- 
ing to Owen, it is retained for a somewhat longer time.* Thus retardation 
of the growth of this tooth is first seen in the latter genus so far as known, 
and is more pronounced in the other Ruminantia. The second premolar is 
present in Poébrotherium, Protolabis, and Procamelus. It is absent in Pliaw- 
chenia, Camelus, and Auchenia. In the last two genera, it is a transitional 
character of immaturity, and we may infer that this is also the case with 
Pliauchenia. It is thus evident that retardation, in the supply of nutritive 
material to this tooth, has caused its reduced size, and terminated the dura- 
tion of its existence. This has not occurred in the other lines of Ruminantia, 
where it remains as in Poébrotherium. From these and many analogous 
cases, the general law may be deduced, that identical modifications of struct- 
ure, constituting evolution of types, have supervened on distinct lines of descent. 

It has been observed, as a remarkable fact, that North America should 
present us with the most complete history of the succession of genera which 
resulted in the Horse, and yet should have received this animal by impor- 
tation from Europe. Nevertheless, the more prominent genera of this series 
have been obtained in the European formations, especially Anchitherium 
and Hippotherium. But, as regards the Camelide, the genera above de- 
scribed are exclusively North American, no well-determined formt of this 
group having been found in any formation of the Palearctic region up to 
the present time. Until such are discovered, there will be much ground 
for supposing that the Camels of the Old World were derived from Ameri- 
can ancestors, while the presence of the Llamas in the existing South 


* Odontograpbhy, p. 530. 
t Merycotherium, Bojanus (Nova Acta Acad. Leop. Car. Nat. Cur., vi), has not 
yet been distinguished from Camelus. 
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American fauna indicates the absence there of the conditions which caused 
their extermination from North America. 
Pliauchenia humphresiana, Cope. 
Plate Ixxvii, fig. 4. 
Proce. Phil. Acad., 1875, p. 258; Ann. Rept. Chief of Engineers, 1875, ii, p. 989. 


The animal now described is of about the size of the Procamelus occi- 
dentalis, or somewhat larger than any of the existing Llamas. The mandible 
is stout and deep, contracting rapidly forward. The canine and first pre- 
molar are especially stout, and separated by a very short diastema; that 
separating the first and third premolars is also short, being less than that 
which separates the first and second in Procamelus occidentalis. Could it be 
supposed that the second premolar is abnormally absent from the P. amphre- 
siana, the diastema would be reduced to a very small compass. Without 
this supposition, the diastemata, both before and behind the first premolar, 
are shorter than in any of the Procameli, as P. robustus, P. angustidens, P. 
heterodontus, and P. gracilis. The mental foramen issues below the anterior 
border of the first or cuniform premolar, and the anterior border of the 
latter marks the posterior margin of the symphyseal suture. The third pre- 
molar is nearly as long as, but narrower than, the fourth, and the true 
molars increase rapidly in size posteriorly. 


Measurements. 
‘7 M. 
Length of the dental series from the front of the canine to the front of the last 
MOAT Ec. oy sks PS See bis </SPe Scse, Ses este te oe ie tale eae ele eC enn oe ele mie alate 0. 125 
Length from the canine to the first premolar............-...-. pees coou Goud 0. 010 
Long diameter of the first’ premolars -ss-cme seein ae cies cie ele ciia cies reraeele 0. 010 
Diastema, tothe third premolar) a: s-220-- sles esate loa eee ne enie eer ielersisere 0. 02 
Length of the third premolar saa. .4-4-01- eee eeiniee eee cece eee e 0. O11 
Length of the first true’molar’ see. er eeleie ee tae ese a re ence a eteierre 0. 019 
Width of the'crown of the first'true molar=.---4.---sseen-] oe ena sae enier 0. O1L 
Length of the crown of the secondstrue molar 7.7.2.2 2-24-22 eee seems eee 0. 025 


This species is dedicated to Brig. Gen. A. A. Humphreys, Chief of En- 
gineers, U. 8. A., in recognition of the enlightened interest in all depart- 


ments of scientific investigation exhibited in his long and able administra- 
tion. 
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Pliauchenia vulcanorum, Cope. 
Plate Ixvii, fig. 5. 
Loe. cit., p. 259; loc. cit., ii, p. 990. 

Represented by the left maxillary bone of a Camel of about the size 
of the existing Dromedary, and considerably larger than the species last 
described. The dental formula is, molars 4-3. The first premolar is only 
removed from the second by a diastema equal to the long diameter of the 
latter. The latter has no inner cingulum, while in the third it is so strong as 
to constitute an internal crescent. The third is much larger, and exhibits the 
usual single external and single internal crescents. The first molar is stout, 
long-rooted, and furnished with a strong ridge on the outer side, bounding 
the posterior crescent-bearing column in front. There is a weak ridge on 
the middle of the anterior column, and only a rudiment on the last premo- 
lar. There are no cingula on either the inner or outer bases of the crown. 
The enamel is nearly smooth. A palato-maxillary foramen issues opposite 
the anterior border of the base of the third premolar. 


Measurements. 

Length from the posterior border of the first premolar to the posterior border 

Ofatheninstam Olareyeemeer ice ee Cerrar oN hi ceies tice Ga isreeierajaee fie. ne 0. 090 
eno ineotuh onirsburUe ym Ola ates setsis ee ayeere ais cziciots oa stereo: <.6,cie(e e's essielerd 0. 030 
Width of the base of the crown of the first true molar...............-. 00-26: 0. 024 
Ihenothvotsthesourthypremolan nes. eric se ase see cs fetes we aia area tas « Acwice se 0. 019 
Width of the base of the crown of the fourth premolar..............-.-...-.. 0. 018 
Width of the palate at the first true molar....-.. .......-- Ae SSA Ge eNte ore 0. 040 


The typical specimen was found near Pojuaque, a village of the Pueblo 
Indians. Various bones of Camels of the size of the P. vuv/canorum were 
also found, some of which doubtless belong to it. 

Fragments of Camels of the larger proportions of this species are 
abundant in the Santa Fé marls. One of these is a left premaxillary bone 
without apex, and with adjacent portions of maxillary. The three included 
fangs of incisor, canine, and premolar, are robust. A fragment of mandible 
includes bases of three premolars of the size of those of the Procamelus 
occidentalis, and may belong to that species. A portion of the maxillary 
bone of a Camel of the same size supports the three milk-molars, and the 
first permanent molar half protruded. The latter has the dimensions of the 
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corresponding tooth of P. vulcanorum. The first milk-molar is elongate, 
and has a narrow inner crescent formed of an elevated cingulum, which is 
interrupted in the middle; the second premolar is three-lobed, the poste- 
rior two lobes composed of two crescents each. The third molar has a 
prominent interior intercolumnar style. The external crescents are sepa-- 
rated on the outer face by a strong longitudinal fold of the crown. 


Measurements. 
M. 
Length ot) the imille Series sie si arajcreja isis oc iele oteteiele =" elle ehelelereteiste ie reVerefetei-forel= =a 0. 061 
Menetheof the firsthim olan. -stese eget tleeteeietetetstatetere oo ais Siouoats wei leleiesenveses 0. 014 
Width: off theysame@cses. sree elererete teres ere tetoreteoiotete oieeleiote tele ieral eile eens 0. 006 
heneth of the second mMolap yen weer -\-le wie ictole close fete rele lelcloteistels el ntnlafal ato aitote =i 0, 023 
Width of thesSame -.o-te. cotter ate acta ere erate aretha oe ete catelete teed clelersbeteretete rete tate eitelatesatar 0. 010 
Length-ofithe:third molar. sees sere eo rto emeier= Fa ae nei Boiss ieee 0. 026 
Width of thersame eens oc nist cre ciacin else ctetefe cierto nei tate rehearsed tote eerie - 0.015 


DICROCERUS, Lartet. 


Dicrocerus, Cope, Aun. Rept. Chief of Engineers, 1875, ii, p. 988. 
Merycodus, Leidy, Proce. Acad. Phila., 1854, pp. 90-157; Journ. Acad. Phila., vii, 162. 
Cosoryx, Leidy, Journ. Acad. Phila., vii, 173. 


Molars *, prismatic; last superior premolar with an internal crescent; 
inferior premolars without internal crescent. Last inferior molar with fifth 
lobe or heel. T'rontal bone supporting solid branched horns, which are 
normally continuous at the base. 

The incisors, canines, and anterior superior premolars of this genus 
are as yet unknown, as well as the greater part of the skeleton. The 
distal extremity of the tibia of D. furcatus is much like that of the Deer 
in the downward prolongation of the internal malleolus and anterior 
tuberosity. The internal border is not preserved in our specimen except so 
far as to exhibit the anterior malleolar facet. The extremities of two cannon- 
bones show that they are fully codssified, and contain but a single medullary 
cavity at the distal third. The trochlear carinz and lateral angles are fully 
developed. 

The genus Dicrocerus was proposed by Edouard Lartet in 1839 for 
Ruminants which combine the characters of the Deer and the Antelopes. 
In 1851, the genus was further defined by him, and it was observed that in 
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some of the specimens the horns are continuous with the frontal bones, as 
in the Antelopes, ete., while in others the basal part of the beam is furnished 
with protuberances in the form of a burr. These observations have also 
been made on the American species by myself, and published in the Report 
on the Vertebrate Fossils obtained in New Mexico (see Annual Report 
Chief of Engineers, 1874, p. 604). The specimens obtained by the expe- 
dition prove that four, perhaps six, species of this genus occur in the Santa 
Fé marls, one of which had been previously found by myself in the Loup 
Fork beds of Colorado and two others in the corresponding formations in 
Nebraska by Dr. Hayden. To one of the latter the name of Merycodus 
necatus was applied by Dr. Leidy in 1854, and Cervus warrenii in 1858. 
The former was represented by mandibles with dentition; the latter by 
horns. The discovery of crania with horns and teeth, enables me to unite 
these supposed species. A third species, discovered by Dr. Hayden in 
Nebraska, was named by Dr. Leidy Cosoryx furcatus in 1869. In com- 
menting on this species, Professor Gervais remarks (Journal de Zoologie) 
that the genus Cosoryr is not distinct from Dicrocerus, a statement confirmed 
by the comparison with the figures of the D. dichotomus, Gerv., from the 
French Miocene. 

More or less fragmentary horns of nineteen individuals of this genus 
were obtained by the expedition, of which thirteen, representing three 
species, include the basal part of the beam. As already remarked, some 
of these present a basal burr and some do not. Those in which the beam 
is without burr, or scar of it, are, D. teres, 1; D. necatus, 5; D. furcatus, 1. 
Those with the burr or sear are, D. necatus, 2; D. furcatus, 4. The occurrence 
of both these conditions in the same species indicates that the character, so 
-constant and important in the definition of the existing Ruminantia, is here 
subject to causes the discovery of which will add an important item to the 
history of the origin of the genera, families, etc., of this order. A considera- 
tion of some other parts of the specimens throws additional light on the 
question. 

In a specimen of each of the species D. furcatus and D. necatus, an 
antler is broken off, and just below the fractured extremity a burr or ring 
of osseous tubercles has been thrown out. The free extremity is short, and 
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of spongy material, with an irregular surface devoid of dense layer. It is 
worn as though it had been softer than the remainder of the bone, and looks 
as though its vitality had been lost. In another specimen of D. furcatus, 
the extremity of an antler had been broken off, and, slipping down so as to 
overlap the fixed end for half an inch, had reunited by anchylosis without 
throwing out any burr. 

I had at one time suspected that a fracture of the base of the beam 
had caused the deposit of the burr, and the rugose band surrounding the 
former beneath the latter has much the appearance of a surface of reunited — 
bone. On making sections of two beams of the D. furcatus, which display 
the annulus, I find no indication of fracture during life, as both the denser 
and coarse central tissues are uninterrupted (see fig. 7, pl. lviii, and fig. 1, 
pl. lix). 

From the facts of the case, the following inferences may be derived, 
premising that it is very probable that a genus allied to the present one 
gave origin to the family of the Deer. It is obvious that the horns of 
Dicrocerus did not possess a horny sheath as in the Bovide, from the fact 
of their being branched. As the sheath grows by addition at the base, the 
presence of branches, which necessarily obstruct its forward movement, 
would be fatal to the process. There is much to be said in favor of the 
view that the horns were covered with an integument, probably furred, as 
in the Giraffe and young of the Deer. Thus there are grooves on the beam 
for superficial blood-vessels, which must have been protected by skin, (I 
do not observe these grooves on the beam of D. teres.) The retention of 
the broken extremity of an antler so as to be reunited as aboved described 
could not have been accomplished without an integument. The presence 
of the burrs cannot be accounted for on any other supposition, as there are 
no foramina to give exit to nutritive vessels at the points where they exist; 
the irregularity of those positions forbids the latter idea, and adds to the 
probability that the arteries which furnished the deposit of phosphate of 
lime were contained in a superficial dermal coating. The supposition is 
also strengthened by the fact that the only existing Ruminants, the Giraffes, 
with permanent horns without horny sheaths, have them covered with 
hairy skin. 
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It appears that, in the antlers, the deposit of a burr was immediately 
associated with the death of the portion of the horn beyond it, so that it 
disintegrated and disappeared. This was not the case with the beam in 
the specimens observed. Nevertheless, it is probable that the death of the 
horn would be associated with the deposit of the burr in this case also, 
were the conditions the same. What those conditions were we can only 
surmise. It was very probably the death of the integument which invested 
and nourished the horn that produced the result; and this would more 
readily occur in the exposed antlers than in the more protected basal portion 
of the beam. It is very probable that this result would follow blows and 
laceration of the surface received during combat or accidental contact with 
hard substances. The integument would be stripped up to near the junction 
of antlers with each other, or of the beam with the cranium, and the arteries 
would be constricted or closed at those points. It is near these junctions 
that all of the burrs are found. But as such lesion would necessarily be 
less complete at the point where the horn has greatest circumference, so 
the entire death of the horn might be less usual than that of its branches. 
Should such lesions have occurred for a long period at the breeding-season, 
nature’s effort to repair by redeposit of bony tissue might as readily become 
periodical as the increase in size and activity of the reproductive organs 
and other growths which characterize the breeding-season in many animals. 
The subsequent death of the horn would at some time be followed by its 
shedding by the ordinary process of sloughing. 

Probably other considerations enter into a true comprehension of this 
point, but the above explanation will probably be found to be in the main 
correct. lt must be remarked that it is not probable that this genus is the 
immediate ancestor of Cervus, from the fact that the molar teeth display in 
their prismatic form a higher degree of specialization than belongs to that 
genus. It is probable that the true ancestor combined the dental type of 
Cervus, with the distinct roots and short crowns of the molars, with the type 
of horns here described. 

The genus Antilocapra is allied to Dicrocerus in its branched horns, and 
in the hairy dermal covering, which constitutes the immature stage of their 
horny sheath. 
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Some of the specimens of this genus display the accessory tubercles, 
or rudimental columns between the inner lobes of the inferior true molars 
characteristic of the Cervi. I find them in very different degrees of devel- 
opment; while they are prominent in D. gemmifer, Cope, there is a rudi- 
ment in the first true molar of a specimen of D. necatus. Under the circum- 
stances, the species may be distinguished by the mandibular rami and den- 
tition, as follows: 


“ 


I. True molars without or with one rudimental accessory basal 


GOIMMMN series) sotatelats iniicts cpt cl ates ele nyse ete yea tetera ie etete eter DICROCERUS. 
Larger, length of premolar series 0=, 020; teeth compressed ; 

ramus very slender at the diastema ............-..-.....- D. furcatus. 
Size similar; teeth less paca ramus stouter at dias- 

[ue haaacoa ses GEgoaeaso caapzadas GudSone> caASccu sons oag00 D. necatus. 
Size smaller; premolar. series 07.016.......-............-2-. D. tehuanus. 

II. True molars with more or less developed basal columns. ..-..--. BLASTOMERYX. 

Smaller; last molar 0™.013, less prismatic; basal columns well 

developedie. cir cutiae leone te ema wees D. gemmifer. 


It is quite possible that the species last named may represent a genus 
distinct from those preceding it, but the last molar tooth is the only part of 
the dentition which is known. In that case, the name Llastomeryx may be 
applied to it. I obtained it first* in the Loup Fork beds of Eastern Colo- 
rado; a specimen from the Santa Fé marls resembles it closely. The 
largest two species have not left many teeth. 

Dicrocerus furcatus, Leidy. 


Plates Ixxx; Ixxxi, fig. 1; lxxxii, fig. 1. 


Cosor yx furcatus, Leidy, Jour. Acad. Phila., vii, 1869, p. 173; Pl. xxviii, fig. 8. 

Cosoryx ramosus, pars, Cope, Proc. Acad. Tai, 1874, p. 148 ; Ann. Spee. Chief of 
eneimeers 1874, ii, p. 604. 

Dicrocerus furcatus, Cope, Prog Acad. Phila., 1875, p. 257. 


The horns of eleven individuals referable to this species were obtained 
by the expedition of 1874, and one of these is accompanied by a tooth 
which enables me to identify the separate lower jaws of two individuals as 
belonging to the same. The horns present common characters, but differ 
somewhat in size, the largest specimens considerably exceeding Dr. Leidy’s 
type in this respect. 

This species is about the size of the D. necatus, and differs from it in 


*See Ann. Rept. U. S. Geol. Surv. Terrs., 1873, p. 531. 
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possessing two antlers instead of one, of which the first is given off at a 
point much farther from the base than in that species. 

The dense layer of the tissue of the horns is very thick, leaving a nar- 
row axis of coarse cells, without columnar structure. The surface is smooth, 
and with very few and shallow grooves. The beam near the base is curved 
a little inward, and is semicircular in section; the outer face being slightly 
concave, the inner very convex. The base is situated a short distance 
within the free superciliary border. The beam becomes more cylindric, 
and then, expanding in a fore and aft direction, gives off an antler at right 
angles, toward the front, nearly parallel to the cranial axis. At a distance 
little over half the elevation of the first antler, the beam gives off a second 
in a plane transverse to the axis of the skull. The terminal portion of the 
beam is cylindric, curved, and acute at the apex. 

There is no emargination of the superciliary border, but a foramen 
pierces the frontal bone in front of the inner margin of the horn, as in other 
Ruminantia, issuing in a marked depression of the surface. 

In a specimen in which a considerable portion of the frontal bone is 
preserved, a rough and tubercular burr surrounds the proximal part of the 
beam, standing on the interior side at a point about an inch above the base, 
and descending obliquely to the anterior and outer side. When broken 
away, an oblique, irregular bone of rough surface remains, which gives the 
appearance of a reunited fracture. A section of the beam above this point 
is an equilateral spherical triangle, and there is a very shallow groove on 
the external side. Diameter of beam before first bifurcation 0.014; 
length of second antler on curve 0.105. 

A second specimen with the antlers broken off, is more strongly grooved 
on the outer side, and on the posterior face also. The beam is shorter, and 
the antlers are given off nearer together than in other specimens. There is 
no indication of burr or fracture at the base. Associated with it is a frag- 
ment of the horn of the opposite side, which includes the base of the 
second antler. This is broken off nearly an inch above the base, and is sur- 
rounded just below the stump by a burr of osseous tuberosities. Diameter 
of beam (first noticed) below first antler 0.014; length of beam to first 
antler 0".046; length from first to second antler 6".008. 
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A third horn from the left side presents the characters of the last, but 
there is an indication of the rough girdle near its base, but no cingulum. 
Diameter below expansion for inferior antler 0.015; length from base to 
first antler 0".072; distance between bases of antlers 0".013. The distal 
extremity of one of the antlers has been broken off and reunited, the frac- 
tured ends overlapping and codéssifying without the formation of a burr. 
The adhesion of this broken end would indicate the existence of integu- 
ment, which maintained it in position so far as to prevent its loss. A penulti- 
mate molar accompanies this horn, which may belong to the same animal. 
It is prismatic, compressed, and without accessory basal columns. The 
two lakes are entirely surrounded by the dentine, and the internal crescents 
are elevated and acuminate above the inner. Diameters of grinding sur- 
face: antero-posterior 0.012; transverse 0.005. 

A fourth specimen is remarkable for the distance between the first and 
second antlers; basal part of beam not preserved. Diameter of beam as 
before 0".015 ; distance between bases of antlers 0".033. 

A fifth consists of the basal part of a horn, remarkable for its size and 
for the distinct traces of a burr. <A sixth is of normal size, and exhibits the 
rough band surrounding the base obliquely, descending outward and back- 
ward. In this specimen, it resembles a reunited fracture, although no burr 
is present. Diameter of the fifth an inch from base 0".017; diameter of 
sixth 0.015. 

In a:seventh specimen, without basal portion, the beam is 0”.014 in 
diameter below the first antler, and the two antlers are 0.013 apart at their 
bases. The horns of the other individuals present nothing remarkable. 

Thus of the horns in which the basal portion is preserved, one presents 
a burr, three exhibit traces of the burr, and one is entirely smooth. No 
mention is made of indications of burr in Dr. Leidy’s description. 

The mandibles already alluded to present the dentition of both sides, 
excepting the first premolar, which is broken off. The ramus increases in 
depth posteriorly in accordance with the successive increase in size of the 
teeth. It is compressed, and with very little convexity on the outer side. 
The portion anterior to the second premolar is both long and slender, with 
a less vertical diameter than in the corresponding portion of D. necatus. It 
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displays a long diastema, and, like all other specimens of the genus yet 
obtained, does not exhibit the teeth anterior to it, but a portion of an alveo- 
lus only. . There is a single small mental foramen immediately below the 
anterior root of the second premolar. 

The molars differ from the premolars in not being prismatic in form ; 
their crowns are contracted at the base fore and aft, and distinguished from 
the roots. They are slightly convex on the external side, but present strong 
vertical crests on the inner side. The third and fourth premolars present 
three of these, of which the anterior is the incurved anterior margin, but 
the posterior is a branch. The molars are much compressed, especially the 
last. The inner crescents rise in acute points; the external wear flat. There 
are no tubercles between the bases of the external columns. The enamel 
is finely and obsoletely roughened. 


Measurements. 
M. 
MAME Tt TOSTO Aly SCNICS = ta. cate iisrctcteiers,</e\clote e oiajw.oo/a ciel ot ic h¥slte ai the sree ars, ejece 0. 0565 
BemenhmotminerC1ISteM aes ccrto ets cote eialcloe een Selects wal have tic a20 218 cdi vere!s aves 0.0275 
Wepshyatthedast~MOlar a seuselea= tel) ot okas ise as iciacsis taseicieiescis (eters &, <ysicle heteosiate 0. 0210 
DWepthratithe second: (first)) premolam- cc. cise. iso fae 2 se 2) -i-le/e oie, “ial wlsiei ie’ 0. 0120 
Weptinotettie diastemamatithe Middle: ccc22 ccs ee acess ceewlacesccceue ac - 09.0070 
Mersthrot the: prenrolans tse sys sis oi oles tie Sega aja ets e Tals 2 ble o etetele Samir ccctee 0.0210 
Henohhrot. the first:true molaree. co. «snc.sce cece oe cos see one oa che sic ciciee 0. 0090 
Width of the first true molar .... - ic rGis Bisip o ERE ene ea ON REIT Ie ee <2 080050 


Portions of a second individual display similar proportions. 

The mandibles of the Dicrocerus furcatus are about the size of those of 
a Sheep. 

Dicrocerus necatus, Leidy. 
Plates Ixxxi, figs. 2-6; 1xxxii, figs, 2-3. 
Merycodus necatus, Leidy, Proc. Acad. Phila., 1854, pp. 90-157; 1857, p. 89; 1858, p. 
23; Jour. Acad. Phila., vii, p. 162, pl. xiv, figs. 9-10. 
Cervus warrenii, Leidy, Proc. Acad. Phila., 1858, p. 23; Jour. Acad. Phila., vii, 1869, 
p.172, pl. xxvii, fig. 12. 
Dicrocerus necatus, Cope, Proc. Acad. Phila., 1875, p. 257, 

This species is represented by the horns of seven individuals, two of 
which present those of both sides. Each of these individnals ineludes also 
the inferior dentition, and one of them a part of the maxillary bone, with 
its teeth. The identification of the mandibular rami and dental characters 
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enables me to discriminate more satisfactorily those of the other species 
here described. 

The horns are characterized by but one bifurcation, the beam dividing 
into an anterior and a posterior antler at a distance of about two inches 
above the base. In both horns of an individual which are perfectly pre- 
served, the anterior division is a little the longer, hence the posterior may 
be called the antler. It is given off and. continues in a fore-and-aft plane, 
which passes through the other branch. It presents a gentle convexity 
backward, while the anterior branch is nearly straight. The surface of both 
is marked with shallow longitudinal grooves rather closely placed, while the 
beam is nearly smooth. The latter arises a little within the superciliary mar- 
gin, which is but little prominent. The supraorbital foramen issues oppo- 
site the inner base of the horn, a little in advance of the anterior base. 

Specimen No. 1 includes both horns, the mandibular ramus, which wants- 
the first two and the last molars, portions of the sternum, a phalange, ete. 
The section of the horn at the base is an antero-posterior oval, flattened 
‘behind, but it soon becomes a regular oval. The branches are nearly round 
in section. The teeth are about the same size as those of D. furcatus, but 
are relatively wider. The fourth premolar is incurved anteriorly, and sends 
inward a middle rib and a prolongation of the posterior side, which unite, 
inclosing an area or fossette. The first true molar has a basal columnar: 
lobe between the external columns, but there is none on the second molar. 
The mental foramen is a little anterior to the second (first) premolar. A 
sternal segment is broad and stout, a little longer than wide, flat on one side, 
and gently convex on the other. The posterior segment perhaps is divided, 
and one of its halves remains. Its inner side near one end is grooved 
obliquely for a blood-vessel. 


Measurements. 
M. 
Kengthiofthe horns. oscesseeeee eee a{a.siotirs ways opeteletaisieieicistere Sa leie ots s: 5 2Neialsieres 0.140 
Ibength.of, ‘the: beam: <2 c.crease -2 see eee eee Seeie eaten’. ds «Ras SGis "= 0. 050 
Length of the:posterior/antlers-2asen er eee eo cones eae eee eee 0. 674 
Diameter/of the, beam at the base.z.ces- ease cee eea niece ee nena eee eeeemee 0. 016 
Diameter of the anterior branch at the middle....... pahoheeicanees srtemictecieere 0. 011 
Length of the five anterior molars.........- Le esters Siawiarela cleats re toicteieeeeeiera 0. 038 


Lengthtofithe:premolars....;....%..550e2eten eee eee enon eee CEE eee 0. O17 
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ene throtehesfirstrinnemolate. qo cicerss tric erate ale -stat- feraleleraiste.eie'e) «21sec 0. 0986 
WA Or UO Ts TNO AVE Goocde scng so1.ceo.codand abuso neon enooEs. one -. 0.006 
Depth of the ramus at the last molar......--.. Sate Scum aOte SEBaa eee ace 0. 020 
Wepthioftpheramus-at theidiastema cs. ose. . sepseclsicileimic & sletade sin oneiee wloisieleine 0. 0102 
Mmencthsor treistern alySeemeng, <1 sc.) 1m a pelelepere oie miele inn 2 71) + ose oe CaSboSe - 0.0253 
AWalchthgote ph Oysalnlesaarecicicists <cleis =icles'clsticsche cj crereuste Sale Waretorajwie! “ins araterwic sere" 0. 022 


A second specimen embraces portions of both horns, the last premolar 
and first true molars, part of the mandible containing the last molar, 
fragment of sternum, distal portion of cannon-bone, ete., all indicating a 
rather smaller animal than the last. As in that one, the beams of the horns 
are smooth and without indication of fracture at the base. The principal 
branch is, however, broken off a short distance above its bifurcation, and 
just below the irregularly-rounded extremity is surrounded by a burr-like 
osseous ring of considerable prominence, repeating what has already been 

_ described in the D. furcatus. The molars of both jaws are without basal 
tubercles between the inner columns. The external side of each of the 
superior true molars presents a longitudinal rib opposite the anterior ex- 
tremity of each crescent. Immediately behind the anterior rib in the last 
premolar and the second true molar is a well-marked groove; otherwise the 
external face is plane. The enamel is obsoletely roughened. In the last 
inferior molar, the dentine of the fifth column is continuous with that of the 
two which precede it. 


Measurements. 
: M. 
hensthrof the; beamiof-themhornhcc. << ecicle « slices cece to-csc ese ese ssacce ss 0,046 
Diameter at the base.......-......---.. so0b SabobaNeececaonaansSseadedhc 0.015 
Length of the superior molars four, five, and six ..........-- aA OOGOLBODAOO 0. 025 
Length of the fifth superior molar ...... SOCHCASE IESE ACERS ABC REOGSED SSeeOb 0. 0085 
URONIC Gn adaeno Gaobosboougd Dpeouecomcbanus doce bon eauedo Caodec 0. 0090 
engtivofthelastumferiOrsmolaniers, recess stoe 1 ee ajereiel oo ciaiqenwie seiseeele siecle 0. 015 
Depthrofstheiramusiatithelsames. si... c.cccc « ec-ss ess sews wine cleiclele © elsjcinetes 0. 020 
Transverse diameter of the distal extremity of the cannon-bone............. 0. 016 


A third horn is of rather larger size than those above described. 
Length of beam 0".063; diameter at base 0".017. A fourth specimen is 
similar to the second in size and form, but has a prominent osseous rim, or 
simple burr, extending round the beam one-third the distance from the base. 
It descends extero-posteriorly, as in the D. furcatus. Length of beam 
0".058; diameter above base 0".013. A fifth specimen is similar in char- 
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acter; the burr is lowest on the intero-posterior aspect, being highest out- 
side, contrary to the obliquity in the fourth specimen. This burr is quite 
prominent, and its undivided margin is turned downward. Where a por- 
tion is broken away, the surface is quite rough. Length of beam 0.058; 
diameter above base 0".013. This and the last specimens are the Cervus 
warrenii of Leidy. The other specimens are broken off below the bifurca- 
tion; none of them display the burr, nor a rough annular scar. 

A mandibular ramus, of proportions identical with those of D. necatus, 
presents some peculiarities in the dentition, which lead me to question its 
pertinence to this species. The molars have the stout form, as already 
described, but present some basal intercolumnar tubercles, which are like 
those of the D. gemmifer. The molars are entirely prismatic, and the last 
one is without the basal tubercles, as I ascertained by removing it from the 
jaw. The tubercles are present between the columns of the first and second . 
true molars; in the first, it is so fully developed as to enter into the com- 
position of the crown. It here forms, on wearing, a loop of the antero- 
external enamel border of the posterior column. The premolars preserved 
(Nos. 3 and 4) present the prominent three folds of the inner side. 


Measurements. 
M. 
Len othtofithe'stx, posterior molars’ sees. see eee eee ee eee eee eee nee 0. 050 
Bength) of the trauemolarsy: see eee eee ee eee eee nl ctalevets Sele yest icp einers 0. 036 
Length ofthe first truesmolar=-.. 22s. o2 teen core eee ee eee 0. 009 
Width of the same sco 5c escceee oe oot ae eos eee ST eae SAE Re ae 0. 006 
Length:of the last'true:molar..2< 2s.esssscse en oe ooce see oe eet ae eee 0. 016 


On the dentition of this individual I originally discriminated the D. 
ramosus, describing also portions of the D. furcatus. Should it prove to 
belong to a distinct species, the former name may be preserved for it. 


Dicrocerus teres, Cope. 
Plate Ixxxi, fig. 7; 1xxxii, fig. 6. 
Dicrocerus teres, Cope, Proc. Acad. Phila., 1875, p. 257. ; 
Cosoryx teres, Cope, |. ¢., 1874, p. 149; Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 
This Ruminant is known from the upper portion of the cranium support- 
ing the broken horns of a single individual. This indicates a species of per- 
haps double the proportions of the preceding ones, equaling, in the size of the 
corresponding parts, the Virginia Deer. In various respects, it differs from 
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the species above described, and its reference to this genus is provisional only. 
The horns have a compression in the proximal portion like those of the 
other species, and may very possibly be divided in the same manner at a 
point beyond the portion of the beam exhibited by the specimen. 

The horns stand immediately above the orbits as in the Axtilocapra, but 
while they present a face outward, they present a still wider one backward 
to the zygomatic fossa. This is due to the fact that there is no oblique 
-horizontal crest connecting the orbit with the parietal region, as in the Deer 
and Sheep, the postorbital process descending directly from the base of the 
horn. The parietal region is rather more contracted than in either the 
Sheep or Deer, while the frontal region is expanded and slightly concave 
in the transverse direction. There is no free superciliary border at the base 
of the horn, as in D. furcatus and D. necatus. The section of the beam near 
the base is a regular oval, the long axis directed longitudinally and a little 
outward in front. The beam is erect, with a slight curvature outward near 
the base. The tissue is rather more spongy than in the species named. 
The supraorbital foramen is large, and issues near the anterior inner base 
of the horn. The interior face of the parietal bones displays the impression 
of three superior longitudinal convolutions of the cerebral hemispheres. - 


Measurements. 


. M. 
Outer width between the bases of the horn-cores ....--..--..2....-0---0--0- 0. 112 
Inner width between the bases of the horn-cores .......... .------- isfoente Nege 0, 055 
Width of the temporal fossa behind the horns ........-....----. . Bie aspects 0. 058 
Mon ovdiameenormthenorn-COreaaachises sees seas icaeic csc caas esate terevets 0. 028 
Short diameter of the horn-core ...... Ries Ae ait eanrunecns ABABA or eE Ere 0. 02 
Hen sthroteth es partepresenvieduarserrcens eee ecete re oi cteeeatiors a vacieisiee, Sleteie erauersis sisal 0. 033 


Dicrocerus trilateralis, Cope. 
Plate Ixxxi, fig. 8; lxxxii, figs. 7-9. 

This species is the largest of the Deer-antelope here described, portions 
of the jaws and teeth equaling in dimensions corresponding: parts of the 
Red Deer (Cervus elaphus). 1 discovered the bones lying on a gentle slope 
of sandy rock in three little collections, each two feet from the others, and 
in a straight line: in one of these were found portions of the pelvis and ster- 
num and a fragment of a horn; in another, portions of the mandible, with 


teeth; in the third, fragments of ribs. They are all in the due proportion 
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of the parts of a single skeleton, and the horn, symphysis, and teeth coin- 
cide with the type of Dicrocerus, and differ from that of any other genus of 
Ruminants which I found in the same formation. 

The horn fragment measures four and a half inches in length, and is 
rather slender, and gives no evidence of branching. It is probably a por- 
tion of a branch, or of the beam above the bifurcation, since its diameter 
is less than that of the beam proper of the D. teres. It is slightly curved 
in one direction, and its section at one extremity is that of an isosceles 
spherical triangle. At the distal extremity, the form is modified, so that the 
section is nearly round. The dense layer is thickest at the base, while the 
distal portion is almost entirely occupied by coarse cells. The external 
surface is smooth. 

The distal part of the mandible is quite narrow and produced. The 
symphysis is not codssified, is rather strong, and the inferior face is strongly 
convex. ‘The canine teeth are in the uninterrupted series with the incisors, 
and, judging from their basal portions, have the same size and direction. 
There is no indication of first premolar in the diastematic border for an 
inch (as far as preserved) behind the canine, nor for half an inch farther on 
the opposite side, where the inner half of that edge is preserved. The teeth 
preserved are fragmentary, and belong to different positions. They show 
that the premolars were compressed, as in the other species, and that the 
true molars had no intercolumnar basal tubercles. The fragments of the 
latter display the size of the species; the long diameter of an external cres- 
cent being 0".014, giving for the antero-posterior diameter of the last molar 
0.038. The enamel is nearly smooth. 

The ribs are stout, and one of them exhibits a large tubercular facet. 
The pieces of the pelvis preserved are both acetabula and the symphyses 
pubis and ischii. The former are a little larger than those of an adult 
female Cervus elaphus, but the walls are a good deal stouter. The symphy- 
seal portions differ from those of C. elaphus in superficial extent about as do 
the acetabula, but are much more robust, being at least three times as thick, 
and thoroughly codssified. Both pubes and ischia present a median keel-like 
tuberosity downward. The ischia diverge outward and backward, as in 
other Ruminants. 
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Measurements. + 
Longer diameter at the base of the fragment of the horn ......-. ...-. Walstetn’= 0. 020 
Longer diameter at the distal end of the same.......--.-.+.-- «++ ---eee eee 0. 016 
Length of the symphysis mandibuli .........-5--.+----+-- Sous SS aoobocasKaS 0. 048 
Transverse diameter at the middle............-...-. = Sarop ODOO DS aGnOOMaceoC 0. 020 
Length of the dentigerous portion...-.....-..--.--.+---- Be tafetele (ate ntotahisters etetorets 0, 025 
Wiameteriot the ribsbelow the tubercle. 222.2522. 52. Sees. ccc c ewe e tcc we snes 0. 023 
Length of the tubercle of the same ..........------- 000 ee eee eee eee eee 0. 022 
IMAM DT UNS DCG cones be odab dogedesSub UE anedochocEEAESDACse one 0. 045 
Vertical diameter of the symphysis pubis........-... 2-221 22-222 eee eee eee 0. 028 
Vertical diameter of the symphysis ischii ....... 22... .. 0... 026) eee ee eee eee 0. 026 
Width of the ischium from the obturator foramen to the posterior bifurcation. 0. 038 
Transverse diameter of the sacral centrum anteriorly ..-.....---.------------ 0. 045 


These remains indicate a robust animal, bearing the relation to the 
D. teres that the Red Deer does to the Virginian Deer. The material pre- 
served renders it probable that the horns differ in form from those of D. 


teres. 
Dicrocerus tehuanus, Cope. 


Plate Ixxxii, figs. 10-? 12. 


Several mandibles, found in the same deposit as the species already 
described, show that an allied form existed of smaller size. The jaws differ 
among themselves in size, so that it is not entirely certain that they all 
belong to one species. I have selected as typical a portion of a right ramus 
which displays the least dimensions. 

This fragment supported the first four molars. Those which remain 
are well worn, indicating maturity. The ramus has the proportions of that 
of D. necatus, with the portion at the posterior part of the diastema similarly 
stout. The mental foramen is well in advance of the second (first) premo- 
lar. Length of premolars 0".016; of first true molar 0".0076; depth. of 
ramus at first true molar 0.013. The posterior part of the ramus of the 
same side accompanies the anterior part. It is not certain that it is part of 
the same ramus. Its dimensions are those of D. necatus. Length of tooth 
0™.0155; width 0".0058. 

In a second specimen, which displays corresponding parts, with the 
addition of the second true molar, the length of the premolar series is a 
little greater, viz, 0".017; length of second true molar 0".010; depth of 
ramus at first true molar 0.012. ; 


A third specimen is a large part of a right ramus supporting all but 
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the first two premolars. This specimen exhibits the smaller dimensions of 
the true molars, the three occupying the space of the last two of D. necatus 
and D. furcatus. They are rather wide, and without accessory tubercles. 


The premolars are larger than those of either of the specimens above 
’ described. 


Measurements. 2 
Length of the last four molars .... 2... 00. oe eco e cen e eens wen e ee eee eene 0. 0386 
Length of the last premolar -.............. Dep eocsboncdooaannpaduocsdo0eSS 0. 007 
Length of the first true molar...-... Lisietslelejaertcjeisle miciapeieote igemenititiare Sepicierneee 0. 0074 
Width Ofsthesame's, eens see cea Ba IHC ANE EG CBAC HOUS O* ANaS baer 0. 006 
Depth of the ramus at the first true. molar.......... 2.2.22... ee ---- oe 0. 013 
Depth of the ramus at the last true molar ....-...-..-.. Snsusecosscs.. Us UD 


Dicrocerus gemmifer, Cope. 
Plate Ixxxii, fig. 13. 


Meryeodus gemmifer, Cope, Ann. Report U. S. Geol. Surv. Terrs, 1873, (1874), p. 531; 
Bulletin of do., Jan., 1874, p. 22, partim. 


A portion of the right mandible supporting the posterior molar repre- 
sents this species in the collection made near Santa Fé in 1874, which is 
the part previously discovered by myself in Northeastern Colorado. With 
the latter were described some other specimens, which probably do not 
belong to the same species. This molar is the least obtained, and is more 
Deer-like than any of the others. This is seen in the short crown con- 
tracted at the base, and well defined rather long roots. There is an 
elevated basal cone between the first and second columns, and an angulate | 
cingulum in front of the latter. The lake between the two median cres- 
cents continues inward and backward to the inner face of the crown as 
a fissure, which prevents the fusion of the inner and fifth lobes of the 
crown, except on prolonged attrition. A trace of the same is seen in the 
more fully-worn type-specimen from Colorado. Enamel obsoletely rugose. 


Measurements. 
M. 
Mong. diameter'of crown |... cic cecee cles seen Ree eee one 0.012 
Short: diameter Of: crowil! osc. oes Soe ce ee ele oe eae Mea ee tone oeeeee 0.0055 


As already remarked, I suspect that this species will be found to belong 
to a genus distinct from Dicrocerus. 
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REVIEW OF THE. VERTEBRATE , FAUNA OF THE LOUP 
FORK EPOCH. 


The thirty-two ascertained species of the Santa Fé marls are distributed 
into orders as follows: 


IRE NTT AMe re ecreetatevess vevelsyet vetctain to cto ec sce sate cccisicieveiciew «ele aune esis eiaivarsielene cies 2 
PRES HUCIN Lua mePrerteeeste Cai tee iets aetoisicrie s -oleteictatelate cis clsic eis is siare'ete so Sax acts 2 
A\TAES bp nee co SONOS COCO OS OOS DOD DE DO bosao cepeoane. Soobocthicesdoumoodacmonc 3 
MVIFAVIIENIVANIGVAW ES terateiene.ctaic cicftintoislalatere’s elvis, dic wis cloeleveis ice aie hie slejeinvewie wa loath men able 29 
LOGON UL Ames oleic isease cece iaiac Cia is cis le Siw seals ola sieetns eleva io ie Grays oneteis eke 6 4 
TODOSCIOSA tee eee crests wiesis cates Seite eauan rate Yoiatoo aienislos eicie oes sires iL 
Berissodactylas ccc. nt sesernet coo vies salen sce somes Se Re wales eek 6 
PAT IOM ACH Ag a= acters olete w= cles oc clslec/eistouts ts BBB SARO GOS aoiieh «ste sfalevsys!sye to 11 
WATNIV OLA acratatials astern cyetetole @ siciee) oS a varatar sia raeiete eto cine Miele eta} eielele wits «sis aia 5 
INGOT LEOISE GIS bayer ws late = cleo ye rsictclita |= x eis ale (inte cist ine versa tele din sc aucieisice ais raise 2 
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The absence of Fishes and Crocodiles is a noteworthy feature, and is 
true of other deposits of the same age in Colorado and Nebraska. This 
fact, especially the absence of remains of Fishes, suggests that the formation 
is that of a marsh, and not of a lake.. This view is confirmed by the nu- 
merous vertical streaks, or rods, of a white calcareous mineral, which pene- 
trate the soft rock in many places. These resemble the tubes formed by 
the decay of roots of a marsh vegetation, or by the borings of mud-loving 
animals. : 

This fauna has now been studied in three widely-separated localities 
in the region west of the Mississippi River. It was first discovered by 
Dr. Hayden, whose collections furnished the basis of Dr. Leidy’s deter- 
minations in 1858.* It was next observed by myself in Colorado in 1873, 
and twenty-one species were determined; and, in the following year, I 
identified the Santa Fé marls of New Mexico, already observed by Dr. 
Hayden, with the same horizon.{ There is a near lithological resemblance 
between the strata at these localities, and the fauna presents a common 
character as distinguished from those which preceded and followed it. The 


*See Proc. Acad. Nat. Sci. Phila., 1858, p. 20, and Extinet Mammalia of Dakota 
and Nebraska. 

tBulletin of the U. S. Geolog. Surv. Terrs., No. 1, Jan., 1874. 

Ann. Rept. Chief of Engineers, 1874, ii, p. 605. 
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difference between it and that of the White River beds which underlie it 
in Nebraska and Colorado is far less important than that which distin- 
guishes the latter from the older Eocene fauna. The orders of Mammalia 
characteristic of the Eocene are not present in either the White River or 
Loup Fork deposits, which contain, on the contrary, representatives of the 
orders at present existing in the Northern Hemisphere, Africa, and, to a less 
extent, South America. The distinctions between the two later faune are 
found in subordinate modifications of these orders. It is, however, true 
that Insectivora and Quadrumana, observed in the White River beds, have not 
yet been found in those of the Loup Fork epoch, while Proboscidea, which 
are abundant in the former, are unknown in the White River period. The 
latter distinction is likely to be maintained, as our knowledge of the White 
River fauna is the more complete. The following table represents the pecu- 
liarities of the two faunz by contrasting the corresponding forms of each 


order: 
White River. Loup Fork. 
Carnivora. Machaerodus. 
Dinictis. 
Hoplophoneus. 
Pseudaelurus. 
Bunaelurus. Mustela. 
Canis. Canis. _ 
Amphicyon. Amphicyon. 
Tomarctus. 
Aelurodon. 
Artiodactyla. Dicrocerus. 
Pliauchenia. 
Poébrotherium. Procamelus. 
Hy pisodus. 
Hypertragulus. 
Leptomeryx. 
Oreodon. Merychyus. 
Leptauchenia. 
Agriocheernus. 
Hyopotamus. 
Elotherium. 
Pelonax. 
Perissodactyla. 
Protobippus. 


Hippotherium, 
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White River, Loup Fork. 
Anchitherium. 
Hyracodon. 
Aceratherium. Aphelops. 
Menodus. 
Symborodon, 
Rodentia. 

Paleolagus. Panolax, 

* Eumys. ?Eumys. 
Heliscomys. 
Gymnoptychus. 
Ischyromys. 

Steneofiber, 


Dr. Leidy, in his work on the Extinct Mammalian Fauna of Dakota 
and Nebraska, enumerates several genera of the existing fauna as having 
been discovered by Dr. Hayden in the Lonp Fork beds. Suchare Hystrix, 
Castor, Equus, and Dicotyles. Many of the specimens referred to this epoch 
are stated to have been derived from the sands found along the banks of 
the Loup Fork, which are composed of sediments of a mixed character, some 
of the specimens being, in Dr. Leidy’s opinion, of Quaternary age, and 
others, especially some referred to Canis and Equus, belonging to existing 
species. I possess a specimen of a cranium of a Thomomys from the sands 
of the Big Blue River, Kansas, which, in like manner, I am unable to dis- 
tinguish from an existing species. ‘These sands are probably the deposits 
of more than one epoch, being primarily derived from the bluffs and mesas 
of the true Loup Fork formation, carried to the lowest level, and inclosing 
remains of species of Quaternary and those of modern age. ‘These reflec- 
tions are not due to my own examinations of the region in question, which I 
have not visited, but for the following reasons: 

The fossils of this epoch from Colorado and New Mexico which I 
have described were all found in place by myself, and excavated by my 
own hands or in my presence. The specimens are numerous, especially 
those from Colorado, I have not found the modern genera above men- 
tioned as enumerated by Dr. Leidy, nor any others of modern or Quater- 
nary character. On the contrary, the result has been to isolate the Loup 
Fork fauna from the Quaternary as well as from the White River epochs. It 
includes three existing genera of Mammalia only, one of which, Canis, 
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occurs in the White River beds also; three genera only are common to the 
two beds, as indicated by dental characters of the lower jaw only. 

Dr. Leidy identified this horizon with that of the European Pliocene, 
with reservations expressing doubt as to actual synchronism, and they have 
been so called by subsequent writers. But the omission of the genera 
above enumerated makes an important difference, and the additional forms 
discovered have increased the resulting greater antiquity of the facies. | 
Steneofiber, formerly referred to the White River beds, probably belongs here. 
The supposed Cervus turns out to be a Dicrocerus of prior geological exist- 
ence; the Mastodon is a near ally of a European species cotemporary with 
thegenera mentioned, while one of the Dogs at least is of an ancient type. In 
view of the entire appropriateness of the association with these of several 
of the genera already known, I remarked* that “the smaller percentage 
of existing genera in the Loup Fork beds, with the persistence of an Oreo- 
dont (Merychyus), indicates that these also should be placed anterior to the | 
Pliocene of France”. Still later I referred to them as follows: +—‘“ The facies 
of the fauna of this horizon throughout the West, including, as it does, 
Amphicyon, Dicrocerus, Hippotherium, Aceratherium (Aphelops), Mastodon, 
nearly allied to WM. angustidens, ete., ete., more nearly resembles the upper 
Miocene of Europe than the Pliocene of that continent.” | In confirmation 
of this view, I may take up the genera of the list above given, and show 
their stratigraphic position in Europe:—Pseud@lurus, Miocene, Sansan, Gers ; 
Mustela, Middle Miocene and upward (Bronn); Canis, Miocene and 
upward; Amphicyon, Middle Miocene (Bronn); Dicrocerus, Middle- Miocene 
or Helvetien (Renevier); Hippotherium, Middle Miocene and Pliocene; Mas- 
todon (type of) angustidens, Upper Miocene, Tortonien (Renevier); Stenzofiber, 
Miocene (Bronn). The proper discrimination of the Pliocene fauna of 
North America remains to be accomplished, although we are doubtless 
already acquainted with fragments of it. Its existence was terminated by 
the Glacial epoch, which separated it from the southern fauna, which occu- 
pied the continent after its close. 

A decrease in the abundance of Vertebrate life in North America from 


* Ann. Report U. 8. Geol. Sur. Terrs., 1873, p. 462. 
+ Proc. Phila. Acad., 1875, p. 257. 
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the Eocene period is revealed by paleontology. The fauna of the Eocene 
was the richest in all respects; that of the White River epoch was less 
prolific, though much more so than the present period; the Loup Fork 
epoch exhibits a great reduction of both species and genera. But this 
diminution of numbers was accompanied by greater specialization of struct- 
ure, variety being gained while abundance was lessened. An exception 
must be made in the case of the Carnivora, for the saber-toothed Tigers have 
“not yet been observed in its deposits. But the elimination of Elotherium, 
most of the Oreodontide, of Hyopotamus, and of Poébrotherium, and their 
replacement by Camels and Merychyus, is a case of the substitution of more 
for less specialized genera. The case is still stronger in the Perissodactyla, 
where the types with half Bunodont dentition (Anchitherium, Titanotherium, 
ete.) are dropped, and three-toed Horses, with the more complex Seleno- 
dont teeth, are introduced; and the Rhinocerotic forms with full incisors 
(Hyracodon) or premolars (Aceratherium) are represented by a genus 
(Aphelops), with both reduced by one degree, and in so far approaching the 
most specialized recent genera. We may then safely maintain that, in the 
lapse of Tertiary time in North America, decrease in the number of specific 
and generic forms of Mammalia was accompanied by increasing specializa- 
tion or perfection in those that remained. 
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PLATE XXII. ; 


Chiefly Triassic fossils, natural size. 

lic. 1. Part of the right maxillary bone of Typothorax coccinarum, outer side: a, view of posterior end of 
the fragment; 6, inferior side; c, internal or sutural side, displaying suture for the suc- 
ceeding bone at the right superior angle. Page 30. 

Tic. 2. Fragment of a vertebra found with the preceding specimen, from below: a, articular extremity. 

Tic. 3. Fragment of bone with articular condyle found with the preceding, side view: a, extremital 
view. 

Fic. 4. Portion of dermal scutum found with the preeeding. 

Fic. 5. Portion of another dermal bone found with the preceding. 


Fics. 6-9. Broken or entire dermal bones found at another locality in the neighborhood of the specimens. 


figured from No. 1 to No. 5: views of sections marked a. 

Fics. 10-12. Coprolites from the same locality as Figs. 6-9; Fig. 12 split, displaying in its interior 1hom- 
boganoid scales of fishes. 

Fic. 13, The broken crown: of a toeth found in the same locality as specimens Figs. 6-12, the unworn 
side: a, posterior side; b, section from below. 

Fic, 14. Vertebra of a supposed Sauropterygian, from another locality in the same neighborhood, and from 
the side: a, articular extremity ; }, inferior view. 

Fic. 15, Part of the crown of a tooth of a carnivorous Dinosaurian from near the locality of Fig. 14, con- 
cave side; a, cutting-edge; b, section of inferior view of fragment. 

Fics. 16-17. Teeth of Sharks from Cretaceous No. 3 or 4, on the Gallinas Creek, between the Triassic and 
Eocene bad-lands. 

Fics. 16, 16a. Galeoverdo. 

Fics. 17, 17a. Otodus. 

lies. 18,19. Sharks’ teeth from the bad lands of the Eocene. 

Iias. 18,18a. Galeocerdo pristodontus. Page 3x. 

liGs. 19,19a.? Otodus. Page 38. 
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PLATE XXIII. 


Ira. 1. Syll@mus latifrons Cope, natural size, seen from above. The body behind the dorsal fin is broken 
off; la, the same from below. The body is distorted by pressure, so that the line of mucous 
pores of the right side is visible in this figure. Page 27. \ 

Fries. 2-9. Unios from the Trias of the Gallinas, obtained with the Saurians figured on Plate I, and de- 
scribed by Mr. Meck in the Annual Report of Lieutenant Wheeler for 1875, Appendix G 1, 
page 83. Natural size. 

Fics. 2, 2a. Unio cristonensis. Page 9. 

TGs. 3, 3a, 4, 5. Unio eristonensis. 

lias. 6, 6a. Unio gallinensis. Page 9. 

lies. 7, 7a. Unio terrarubre. Page %. 

lias. 8, 8a, 9, 9a. Unio of undetermined species. 

lies. 10-29. Cranial boues, vertebriv, and scales of the typical specimen of Clastes aganus, natural size. 
Page 38. ; 

Fics. 10-14. Basioccipital bone and dorsal vertebra, seen from below, with two interruptions. 

Fic. 10a. Basioccipital bone, posterior view. 

Fics. lta, 12a. Posterior views of vertebra 11 and 12. 

Ties. 12b, 136. Anterior views of vertebra 12 and 13. 

lies. 15-20, Cranial bones, from above; a, from below; b, edge or sutural view. 

iia. 21. Fragment from scapular arch. 

I'ies. 22-29. Seales of the same specimen; a, inferior views; figs. 22-25 pierced by lateral line. 

Figs. 50-31. Seales and bone of Gar found together, natural size. 

Fig. 30. Portion of the dermal armor of the right side. 

Fic. 31. An operecular bone. 
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Vics. 1-15. Parts of the skeleton of a single individual of Clastes integer, natural size. Page 41. 

lig. 1. Part of right seapular arch, external view. 

lic. 2. Part of left side of superior cranial wall, with free margin, superior view. 

lic. 3. Another and smaller superior cranial bone, from above: a, sutural ed 

lig. 4. First vertebra, anterior face. . 

hic. 5. A dorsal vertebra, from below. 

Fic. 6. A caudal vertebra, right side: a, from below. 

bic. 7. A more posterior caudal, lateral view: a, inferior view. 

Ir'ic. 8. An osseous fin-ray, fragment, anterior view: a, posterior side; b, section. 

lias. 9-15. Scales; 9-10, pierced by the lateral line: a, interior views; b, edge view. 

IG. 16. A dorsal vertebra of a second and smaller individual of Clastes integer, from the inferior side: a, 
from the left side; }, the posterior articular surface. 

lias. 17-31. Fragments of four individuals of Dermatemys costilatus, natural size. Figs. 17-20 belong to 

No. 1; 21-22, to No 23 23-25, to No. 3; and 26-31, to No. 4. Page 52. 

lia. 17. Part of a vertebral bone, superior view. 

lic. 18. Part of a vertebral bone, superior view. 

l'iG 19. Part of a costal bone, superior view: a, edge view. 

lic. 20. Part of a costal bone, superior view: a, edge view. 

lig. 21. Part of a costal bone, superior view: a, edge view. 

iG. 22. Broken vertebral bone, from above. 

lg. 23. Part of a costal bone, from above. 

lig. 24. Anterior part of a vertebral bone. 

P1G. 25. Posterior part of a vertebral bone. 

l'1G. 26. Part of the margin of the plastron. 

lrg. 27. Part of a costal bone, from above. 

I'ic. 28. The same costal, from below. 

Frag. 29. Half of a marginal bone, from above: a, the sutural edge. 

lig. 30. Costal with suture for ascending process of plastron, from above: a, from below. 

lia. 31. Part of left episternal, from above. 

1'1G. 32. Fragment or section of the shell of Baéna ayenosa, from above. Page 52. 

I'ras. 33-35, Candal vertebra of a tortoise, described on page 43, belonging to a single animal, natural 
size: a, anterior view; }, posterior; c, superior and inferior views. 

lias. 36-39. Fragments of Hadriani, one-half natural size. 

l1G, 36, Posterior process of right postabdominal bone of Hadrianus corsonii: a, inner edge; 6, inferior 
side. Page 58, 

1G. 37. Corresponding part of another Hadrianus, the inner portion broken away ; 4, view of the broken 

inner edge. 

l'1G, 38. Posterior process of left postabdominal bone of another Hadrianus, from above. 

Fic. 39. Right episternal, median part of anterior border of anterior lobe, inferior side. 

Fig. 40. Seale of the lateral line of a specimen of Clastes ; a, the opposite side of the same scale, which is 
split in its vertical plane, exhibiting the direction of the perforating canal. 

Fic. 41. Seale from the anterior region of another Clastes. 
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PLATE XXV. 


Figs. 1-6. Plastomenus communis, different individuals, two-thirds natural size. Page 50. 


l'ig. L. Typical specimen ; a series of costal bones, whose positions are conjectural; a, an edge view of 


the second from the top; ), inner portion of the left hyosternal. 
lic. 2. A posterior costal bone of another individual; a, edge view. 
Fic. 3. A costal bone of a third individual. 


Fic. 4. Distal part of a costal bone of a small and perhaps immature individual; a, edge of the same. 


Fie. 5. Part of a costal bone of a specimen of var. 1; a, edge view of the same. 

lic. 6. Part of costal bone of a second individual of var. 1; a, edge view. 

lic. 7, End of costal bone of type-specimen of Plastomenus lachrymalis; a, the edge view ; 
of another costal of the same carapace, natural size. Page 51. 

Vias. 2-10. Broken costals of Plastumenus serialis, natural size ; page 51. > 

Fig. 8. From one individual; : 

Vic. 9. From a second ; and 

Fics. 10-10a. From a third specimen. C 

Fic. LL. Plastomenus multifoveatus ; part of a costal bone, vatural size. Page 49. 

Fics. 12-19. Plastomenus fractus, fragments of one individual, natural size. Page 49. 

Fics. 12,18. Proximal ends of costals. 

Tics. 13-16. Middle portions of costals. 

Fig. 17. Distalend of a costal. 

Kia. 19. Anterior moiety of a vertebral bone. 

Tics. 20-25. Fragments of two individuals of Plastomenus corrugatus, natural size. Page 48. 

Ic. 20. Sternal bone, below; a, above. 

Fics. 21-26. Parts of one specimen. 

Figs. 21,26. From middles of costals. 

Fas. 22,23. Distal en:Is of costals. 

lic. 24. Distal extremity of first or last costal. 

lic. 25, Portion of left hyosternal bone, from below ; a, from above. 

Fics. 27-31. Fragments of carapace of the Trionyx leplomitus, natural size. 

lias. 27-23. Median parts of costal boues. 

liGs. 29-30. Distal parts of costal bones. 

Fic. 30a, Section at fractured edge of No. 30. 

lic. 3la. Distal extremity of No. 30; fore end of the costal broken off. 
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PLATE XXVI. 


lics 1-4. Trionyx leptomitus, fragments, the natural size. Page 44. 

lia. 1. Left hyposternal, from below; a, from above. 

lic. 3. Part of the distal end of the costal of the specimen represented. by Figs. 1 and 2; a, edge view. 

lic. 4. Right hyposternal of a second specimen, from below. 

lies. 5-10. Fragments of Trionyx cariosus, natural size. Page 44. 

Fics. 5-9. Parts found in close connection. : 

Fics. 5,6, Proximal ends of costal bones of opposite sides, seen from above, 

lic. 7. Distal end of a costal bone, from above. 

lic. 8. A vertebral bone from above ; a, from below. 

IG. 9. Probable postabdominal bone, from below; a, edge view. 

Fic. 10. Distal portion of costal bone of a second individual, from above; a, distal view. 

Fies. 11-16. Fragments of Trionyx radulus, natural size. Figs. 11 and 12 belong to one, the remainder to 
another specimen. Page 45. 

Figs. 1 ,12. Distal parts of costal bones, from aboye; 12a, edge view of Fig. 12. 

Figs. 13, 14,15. Fragments of costal bones. 

lic. 16. A vertebral bone; a, from below. 
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PLATE XXVIL. 


Fic. 1. Carapace of Emys latirertebr ralis, superior ANY one-half natural 
ments. Page 53. a 

Vic. 2. Plastron of Lmys lativertebralis, inferior view, one-half natural size. 

Tig. 3. Anterior portion of plastron of Emys lativertebralis, a second Spectmeny0 
trom below. 

Fig. 4. Anterior part of plastron of Emys cibollensis, mferior view, one-half natural size. Page 57. 
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PLATE XXVIII. 


. Carapace of Emys laiivertebralis, seen from below, one-half natural size. 
. Plastron of mys lativertebralis, superior face, one-half natural size; from the individual figured 


on the preceding figure and preceding plate. 


. Auterior part of plastron of Lmys cibollensis, from above, one-half natural size. 
. Right side of posterior lobe of plastron of the sume specimen represented in the last figure and 


in Fig. 4 of the preceding plate. 
An imperfect marginal bone of the same specimen, from above ; b, from the sutural border. 
A marginal bone of the same specimen, from above; b, from the sutural border. 
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PATE XXIX. 


I’vagments of the skeleton of two specimens of Diplocynodus sphenops, t o-thirds the nalural size. The first in- 
dividual includes Figs. 1-8; the remaining figures represent the second. Page 60. 


Fic. 
Fic. 
Fic. 


Adjacent parts of frontal and parietal bones, from above. 

Adjacent parts of articular, augular, and surangular bones, external view. 

Part of left mandibalar ramus from the posterior part of the symphysis, supporting two adjacent 
canines, exterual view; a, superior view. 

A cervical vertebra, from the right side; a, from below, b, anterior, and ¢, posterior articular ex. 
tremities. 

Fig. 5. A lumbar vertebra, right side ; a, anterior extremity. 

Fic. 6. A sacral centrum, somewhat compressed by pressure, lateral view; a, inferior view. 

Fic. 7. First caudal vertebra, from above. ; 

Fic. 8. Proximal end of humerus; a, a distal view. 

Fic. 9. Fragment of end of muzzle, somewhat flattened by pressure. 

Fic. 10. Part of left postfrontal bone. 

Fic. 11. Portion of external wall of mandible at the angnlo-dentary suture. 

Fic. 12, Fragment from middle of mandibular ramus. 

Fic, 13. Portion of mandibular ramus of left side, from posterior part of symphysis, supporting two 

canine teeth, outer side ; a, superior view. 

Fic. 14. An anterior cervical vertebra, left side; a, inferior side. 

Fic. 15. Cervical vertebra, right side: a, inferior, b, anterior, and, ce, posterior views. 

Fic. 16. Another cervical vertebra, from the right side. 

Fic. 17. A dorsal vertebra, left side. 

Vic. 18. A lumbar vertebra, inferior view. 

Fic. 19. Proximal extremity of humerus. 

Figs. 20,22. Dorsal dermal bones. 
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Figures of parls of skeletons of Crocodilus grypus, two-thirds natural size ; first individual from Pig. 1 to Vig. 6, 
second individual the remaining figures. Page 63. 

Fics. 1-2. Portions of right and left rami of the mandible, including alveoli, five teeth on the right side, 
and three on the left; a, the external view of the right ramus, the outer wall broken 
away ; }, the distal view of the fractured distal end of the samo, displaying the large termi- 
ual tooth. 

Fic. 3. Part of angular bone, external view. 

Fic. 4. Articular bone, quadrate cotylus, from above. 

Fic. 5. Portion of upper jaw, with base of crown of large tooth. 

Fic. 6. Part of maxillary bone, with perfect crown of a successional tooth, 

Fic. 7. Right half of right frontal bone from above; b, from below. - 

Fic. 8. Portion of left premaxillary bone, showing large tooth and notch for inferior canine. 

Fic. 9. A portion of the dentary bone, with crowns of three teeth, not fully protruded. 

l'1G..10. A dermal bone, superior surface. 

Fig. 11. An anterior cervical vertebra, right side; a, inferior, b, anterior, and, ¢, posterior view. 

Fic. 12. Anterior dorsal vertebra; a, inferior, c, posterior views. 

Fic. 13. Dorsal vertebra. 

Fria. 14. A lumbar vertebra; c, posterior view. 

Fic. 15. First caudal vertebra; a, inferior view. 

Figs. 16-17. Anterior caudal vertebra ; a, inferior, b, anterior, c, posterior views. 

Fic. 18. A posterior caudal; letters as above. 

Fic. 19. Head of humerus ; a, proximal view. 

Fic. 20. Proximal part cf scapula (?). 

Fic. 21. Head of femur; a, proximal view. 

Fic. 22. Femur, side view ; a, distal view. 

Fic. 23. Proximal part of tibia: a, proximal view; J, distal extremity, lateral view; c, distal view. 

Fics. 24-25. Articular extremities of long bones. 

I'ic. 26. Caleaneum, outer side; a, from above 8, internal side; c, from behind. 


PLATE XXXI. 


Fras. 1-5. Crocodilus vheclerii, fragments of skull, two-thirds natural size. Page 64. 
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Parts of parietal, frontal, nasal, ctc., bones, viewed from above ; a, the first named from below ; 
b, the same fragment, anterior edge, showing the small development of the olfactory ridges. 


. Part of the left premaxillary bone with teeth, external view; a, inferior view. 


Right quadrate bone, from above; a portion of the quadrato-jugal adheres. 
Parts of angular and surangular bones, seen from the outer side, at the cotylus. 


. Fragment of mandibular ramus flattened (?) abnormally ; a, external face. 


Figs. 6-7. Fragments of skull of Crocodilus ? elliottii, two-thirds natural size. Page 65. 
Fic. 6. Frontal bone, from above; a, from below; b, view of anterior fractured edge, showing the strong 


lateral olfactory crests. 


lic. 7. Part of mandible, with a tooth. 


Fics. 8-17. Parts of a skeleton described under the head of Crocodilus elliottii, drawn of the natural size. 
FIG. 8. 
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Posterior part of right ramus mandibuli, from above. 
A tooth from an anterior position in the jaws, from the side; a, from the edge. 
Another tooth from a posterior position in the jaws; a, edge view. 
Distal end of quadrate bone, superior view; a, distal view. 
A cervical vertebra, from below; a, from behind. 
A dorsal vertebra, anterior view, partly adherent to the matrix; a, inferior surface. 
A long bone; a, proximal articular sarface. 
Radial carpal bone; a, proximal, b, distal extremities. 
Proximal extremity of the femur; a, proximal view. 
An ungual phalange, profile ; a, inferior face. 


Fics. 18-23. Fragments of skeleton of a Crocodile, referred provisionally to Crocodilus liodon. Page 67. 


Fig. 
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Part of the parietal bone, from above. 

Distal extremity of os quadratum, from above; a, distal view. 

Axis with odontoid bone, from below. P 

An anterior cervical vertebra; a, anterior view, showing fusion of hypapophysis and parapo- 
physis. 

. Another cervical vertebra, inferior view. 

. Lumbar vertebra, right side; a, anterior articular extremity. 
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Fics. 1-22. Bones of Crocodilus chamensis, the natural size, belonging to four individuals. The furst is 
represented in Figs. 1-10; the second, 11-12; the third, 13-21; the fourth, Fig. 22. Page 67. 

Fig. 1. Frontal bone, from above; a, from the front. 

Fic. 2. Quadrate bone, distal extremity, the upper surface; a, the inferior surface; }, the articular surface. 

. Fic. 3. Portion of lower jaw and muzzle, with teeth, from the left side; a, from below. 

Fics. 4-10. Dermal bones, superior surfaces. 

Fic. 11. Superior view of part of premaxillary bone of the specimen of C. chamensis first described. 

Fic. 12. Inferior view of the same, showing round section of teeth. 

Fras. 13-16. Vertebral column, with numerous omissions, of a young C. chamensis. 

Fig. 17. Anterior view of the third of the above series. 

Fic. 18. Anterior view of the sixth of the same series. 

Fic. 19. First caudal vertebra of the same series. 

Fic. 20. Part of left side of frontal bone, from above; a, from the front. 

Fig. 21. Proximal part of femur of the same. 

Fig. 22. Distal end of quadrate bone of a younger specimen, from above; a, articular extremity. 

FiGs. 23-25. Portions of the tarso-metatarse of the Diatryma gigantea, two-thirds natural size. Pago 70. 

Fic. 23. Proximal part of the tarso-metatarse, anterior view; a, posterior view ; b, the internal edge; c 
‘the proximal or tibio-tarsal extremity. 

Fic. 24. The median distal condyle, viewed from the front; a, from behind; }, from below. 

Fig. 25. The interior condyle, viewed from before; a, posterior, and, b, distal views. 

Figs. 26-36. Fragments of the skeleton of a Lizard of the family Placosaurida, species and genus not de- 
termined, all found together. 

Figs. 26-34. Dermal and cranial plates; twice natural size. 

Fic. 35, Distal end of femur, from below ; a, distal view. 

lie. 36. Shaft of humerus. 
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. Ambloctonus sinosus, natural size. Page 91. 

Fics. 1-10. Fragments of skeleton of the typical specimen. 

Fic. 1. Right maxillary bone, with teeth, seen from the outer side ; a wide fracture of the bone is occupied 
by a mass of limestone: a, the right canine tooth worn to the base of the crown; b, the max- 
illary bone viewed from below; ¢, maxillary and premaxillary from the front, displaying 
the alveolus for the large outer incisor. 

Fic. 2. Posterior true molar of the left side, viewed from the outer side; a, the same, viewed from below. 

Fig. 3. Left mandibular ramus, a fragment which supported the last three molars: a, from the outer side; 
D, inside of the same; ¢, superior view of the same; d, portion of condyle. 

lic. 4. Worn canine tooth of the left side. 

Fic. 5. Glenoid cavity. 

Fic. 6. Distal end of ulna, from above; a, from below; b, distal view. 

Fic. 7. Femur without the great and little trochanters, but displaying the third trochanter; a, section 
at distal fractured end. 

Fic. 8. Right femur, inferior portion of the shaft. 

Vic. 9. Left tibia, inferior extremity and part of shaft, front view; @, posterior view; 0D, inferior view. 

Tic. 10. Caleaneum; anterior portion wanting. ; 

Fic. 11. Portion of right mandibular ramus of a second individual, external side; a, view from above. A 
large piece of matrix adheres to tho inner side. 
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Creodonta of the genus Oryana, natural size. 


LiGs. 1-3. Uriginat or type-specimen of Oxryena morsitans. Page 93. 
Fras. 1,2,3. Last three inferior molars, seen from the outside; a, the same, seen frum the inside; b, the 
same, seen from above. 
Fic. 4. Inferior canine, base of crown, from the outside. 
Figs. 5-9. A second individual of Oxye@na morsitans. 
lic. 5. Fragment of mandible, from the outer side; a, the same, from the inside. 
Fic. 6. Inferior part of scapula of the same, from the outer side. 
Fic. 7. Humerus, extero-posterior view. ; 
Fig. 8. Proximal part of femur from the same; a, proximal view. 
Fic. 9. Distal end of femur, inner side. 
Frc. 10. Portions of maxillary bones, with penultimate and antepenultimate molars of both sides, of 
Oxyana morsitans, seen from below ; 4, fourth inferior molar of the same, from above. 
Fics. 11-13. Portions of an individual of Oxryena morsitans. 
Fic. 11. Distal end of tibia, posterior view ; a, exterior view ; , distal view. 
Fic. 12. Zygomatic portion of squamosal bone from below; a, from outer side. 
Fic. 13. A caudal vertebra; b, articular extremity. 
Fics. 14-30. Teeth of Oxyena lupina, and bones found with them. Page 101. 
Figs. 14-17. Superior molars of the right side, external view; a, views of the same from below. 
Figs. 18-21. Inferior molars of the right side; a, from the inner side ; }, from behind. 
Fic. 22. Inferior canine from the outer side. 
Fig. 23. First or second superior incisor: a, anterior, b, lateral view. 
Fic. 24. Caudal vertebra, from above; a, articular face. 
Fic. 25. Another caudal vertebra, from below. 
Fic. 26. Olecranon found with the other bones, but not probably belonging to the same animal. 
Vic. 27. Metacarpal bones; a, a dis‘al end, from the front; b, the same, distal view ; c, a proximal end, 
front view; d, the same, profile. 
lic. 28. A phalange, from above ; ), proximal extremity. 
I'1c. 29. Cuneiform bone, inferior face ; a, lateral view. 
Fig. 30. Patella, front view; a, lateral view. 
Tic. 31. Outer part of tibial face of astragalus. 
Fig. 32. Probable navicular, proximal end; a, distal end; ), lateral view. 
l'1G. 33. Mesocnneiform bone: a, superior, ), inferior face; ¢, anterior, d, posterior extremities. 
Fics, 34-36. Superior molars and the canine alveolus of Oxyena lupina ; a, inferior view of the same teeth. 
Fig. 37. Anterior portion of mandibular ramus of another specimen of Oxyena lupina, from the outside, 
first true molar and fourth premolar in place ; a, the same; from above, displaying the absence 
of the first premolar. 
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Fias. 1-4. Oxyena lupina, natural size. 

Fic. 1. Left maxillary bone, supporting the posterior four molars, with the canine from the outer side; a 
maxillary bone, from below ; b, last superior molar, a part broken away. 

Tic. 2. Left ramus of the mandible, from the outer side, with the third premolar and the canine; a, 
the same, viewed from above. 

IG. 3. The zygomatic portion of the squamosal bone, from below ; a, the same, extero-posterior view. 

Vig. 4. Portion of right mandibular ramus supporting the second, third, and fourth premolars, seen 
from the inner side. 

Fics, 5-6. Femur and anterior part of caleaneum of an Oxya@na, found six feet from the remains figured 
Plate I, figs. 5-9, and belonging perhaps to the same individual, viewed from above. 

Fics. 7-12. Fragments of skull of Ocyana forcipata, found together, natural size. Page 105. 

Tic. 7. Parietal and part of frontal bone, with sagittal crest, seen from above; a, the same, inferior sidey 
showing form of superior surface of brain; b, the same, from the left side. 

Tic. 8. Right maxillary bone, showing fossa for reception of large inferior molar. This specimen was 
found a short distance from the others, but resembles them very closely in a peculiar color 
and specific gravity, and is of the size appropriate to the mandibular ramus. 

Fic. 9. Portions of maxillary and premaxillary bone and canine tooth, with free nareal border. 

Fic. 10. Posterior part of malar bone, with orbital border. 

Fic. 11. Glenoid cavity of squamosal bone, seen from below. 

lic. 12, Portion of the mandibular ramus behind the last premolar tooth, seen from the outer side; a, 
the condyle, seen from behind. 


PLATE XXXVI. 
Lower jaw of Oxyana forcipata, natural size. 


Fic. 1. Left ramus, outer side. 

Vic. 2. Both rami in position, from above. 

11G. 3. The right ramus, inner side. 

Fic. 4. Left ramus, from below. 

Fic. 5. Left ramus below condsle, from behind. 
Fia. 6. Penultimate right auperig® molar, from below. 
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PLATE XXXVILI. 


Bones of Creodonta, natural size. 


Fic. 1. Parietal bone, with broken sagittal crest, of Ocyana forcipata, the specimen figured in Plate XV, 
the superior view; a, the inferior surface, partially imperfect ; b, from the front. 

Figs. 2-5. Mandibular teeth of another individual of Oxyena forcipata. : 

Fig. 2c. Right posterior molar, inner side. 

Fic. 3. Left posterior molar, external side; a, from behind ; b, from above. 

Fics. 4. ? First inferior premolar. i 

Fic. 5. Right inferior canine, inner side; a, from above ; 6, outer side. 

Fic. 6. External side of part of ilium, including part of acetabulum of another individual of Ocyena. 

Fias. 7-8. Found together, and supposed to pertain to the same individual. 

Fic. 7. Inferior extremity of tibia, inner side; a, from outer side. “ 

Fia. 8. One of the inferior true molars, outer side ; b, from above ; ¢, inner side. 

Fic. 9. Maxillary, containing roots of two premolars, with premaxillary supporting three incisors of au 
isolated individual of Oxye@na, seen from below. 

Figs. 10-22. Bones of skeleton of Creodus incerte sedis, No. II, all found together. Page 129. 

Fias. 10-11. Cervical vertebrx, from below; 10a, articular extremity of 10. 

Figs. 12-13. Dorsal vertebr, from below ; a, corresponding articular ends. 

Fics. 15-16. Caudal vertebre ; a, articular extremities; 6, sections at middle. 

Fic. 17. A superior molar tooth accompanying the remains, from below; a, from the side. 

Fic. 18. Right humerus, from the posterior side; a, from the outer side; b, intero-anterior view ; c, prox- 
imal end. 

Fig. 19. Distal end of left humerus, posterior view; @, anterior view; 5, distal view. 

Fic. 20. Radius minus the proximal end, seen from above; a, from the outer side; 5, from distal end. 

Fic. 21. Radius, proximal end, from below; a, head, proximal view. 

Fic. 22. Ulna minus the distal end; a, inferior view. 

Fis. 23-31. Creodus incerte sedis, No. I, portions of skeleton, natural size. Page 127. 

Fic. 23. Left mandibular ramus anterior to second true molar, from above. 

Fias. 24-25. Vertebras: a, articular faces; b, from above; c, from below. 

Fic. 26. Proximal part of scapula; a, glenoid cavity. 

Fic. 27. Humerus, without head or condyles; the deltoid crest seen as the right border. 

Fic. 28. Left ilium and ischium, anterior view; a, exterior view. 

Fic. 29. Left femur, from behind; a, distal end. 

Fic. 30. Portion of shaft of right femur which is wanting from that of the left side, displaying third 
trochanter; a, the same, exterior view. 

Fic. 31. Distal extremity of fibula, the inner side; a, the same, from behind. 

Fic. 32. Calcaneum of left side, seen from above; posterior extremity incomplete. 


PLATE XXXVIII. 


Pras. 1-LL. Stypolophus viverrinus, fragmentary skeleton of typical specimen, natural size. Page 112. 

lig. 1. Anterior part ofcranium from below. ‘The inferior face of the left maxillary supporting the last 
five molars is presented, while the right maxillary is twisted underneath so as to exhibit the 
three molars in front of the last in profile. Between the maxillaries, the left ulna and radius 
lie inclose relation. 1a, the occipital portion of the same cranium, viewed from above; 6 
the frontal and part of the nasal region, the superior view of Fig. 1. 

Vie. 2. A cervical vertebra, from behind; a, from below; 6, from above. 

Fic. 3 A lumbar vertebra, from the end; a, from below. 

ig. 4. Two Jumbar vertebra from the front; b, from above; ¢, from the side. 

Vig. 5. A caudal vertebra: a, from below ; ¢, from the side. 

lig. 6. Sacrum, the anterior portion, with the right auteriorangle broken off, from before 5 b, from above. 

lic. 7. Left humerus, the proximal end, from the outer side ; b, proximal view. 

lic. 8. Part of the proximal end of the femur, from behind. 

big. 9. Part of distal end of femur, from the side; a, from above. 

Iie. 10. Distal part of shaft and extremity of the right tibia, from behind ; a, from front; b, distal eud. 

IG. 11. Caleaneum, from above; a, the cuboid, articular face. : 

Fic. 12-20. Portions of the skeleton of the typical individual of Stypolophus hians, natural size. Page 118. 

hic. 12. Craninm posterior to the orbits, showing the narrow form and broken parietal crest, from the 
lett side; a, from above. v 

lig. 13. The right ramus of the mandible, the middle portion wanting, external view. 

Ic. 14. Left half of atlas, seen from behind; a, from below. 

IG. 15. An anterior dorsal vertebra, froin below ; a, articular extremity of centrum. 

lic. 16. Another dorsal vertebra from below; a, from behind; 6, from the right side. 

lic. 17. An anterior lumbar vertebra, from below ; @, articular extremity of centrum. 

Itc. 18. A posterior lumbar vertebra, from below; a, articular end. 


’ 


lia. 19. A candal vertebra, trom below. 

lic. 20. A more distal caudal vertebra; a, articular extremity. 

Pia. 21. Glenoid cavity of scapula. 

IG. 22. Proximal part of humerus, postero-interior view. 

iG 23. Distal end of tee humerus, anterior view. 

lic. 24. Proximal eud of the ulna, interior side. 

lig. 25. Parts of ilium aud ischium with acetabulum, exterior view; a, anterior view. 
l'1G. 26. Proximal end of tibia, exterior side. 

Vig. 27. Distal extremity of tibia, posterior view; a, exterior view. 

Ic. 23. Calcancum, from above; a sma!l portion lost from its middle; a, cuboid facet, ete., of the same. 
Ira. 29. Enutocuneiform bone, outer side; a, distal articular facet; b, inner view. 

1G. 30, Distal extremity of a metapudiu bone, from below. 


PLATE XXXIX. 


Creodonta and Mesodonta, 


Fics. 1-9. Didymictis protenus, natural size. Page 125. 


Iie. 
Fig. 
Tic. 
lia. 


Fic. 


lic. 
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Vic. 
Vic. 


Vic. 


Fic. 


Vic. 


lic. 


Fic. 


Via. 


Fic. 


Fic. 


ia. 


lia. 


ie 


10. 


1. 


17. 


1k. 


Left mandibular ramus, supporting five molars, the clevated cusps of the tubercular sectorial 
broken off, from the outer side; a, from the inner side. 

Left mandibular ramus of another individual, from above, displaying all the molars or their al- 
veoli; a, from the inner side. i 

Part of ilium, the same individual, inner side; 3a, same, outer side. 

End of tibia of the same individual, the inner distal tuberosity broken off. 

Left astragalus of the same individual, from above ; a, right axtragalus of the same individual, 
from below ; b, from the outer side. 


_ Distal eud of radius of the same individual, from below ; a, from above ; b, from the distal end. 


Posterior part of left ramus of another individual, with the sectorial tubercular better preserved, 
but broken; @; from the inner side; b, from above. 

Right mandibular ramus of another individual, with tubercular sectorial aud canine preserved, 

Outer view of cusps of tubercular sectorial of another individual supposed to be of this species, 
showing the blade. 

Last superior premolar of Pachyena ossifraga, natural size, from the outer.side; a, from the inner 
side; b, from below. VPage 94. 

Slypolophus strenuus, right mandibular ramus, from the outer side, the matrix somewhat adherent 
and the molars partially broken, with the canine tooth adherent to the upper posterior 
angle; a, from the innerside; 6, the left ramus, posterior portion, viewed from above, show- 
ing the sections of the broken tubercular sectorial molars. Page 117. 

Stypolophus multicuspis, left mandibular ramus, natural size, from the outer side; a, portion of the 
right mandibular ramus, viewed from above. Page 116. 

Stypolophus mullicuspis, portion of the right mandibular ranius of another individual, from the 
inner side. 

Stypolophus multicuspis, a third individual: four superior molars of the right «ud one of the left 
side of the same animal, natural size, a, superior molars of right side, in profile. 

Tomitherium angulatum, portion of the left mandibular ramus, natural size, from the inner side ; a, 
wolar tooth of this fragment, from above, twice natural size; b, molar tooth of the mandible 
of another individual, from above, twice uatural size. Page 144. 

Tomitherium frugivorum, portion of right mandibular ramus, natural size, from the inner side; a, 
the same, from the outer side ; b, the same, from above, twice natural size. 

Tomitherium jarrovii, posterior portion of right mandibular ramus, natural size, from above. 
Page 137. F 

Tomitherium jarrovii, a broken right mandibular ramus, natural size, from the inner side; a, tho 
same, from the outer side; b, the same, twice natural size, from above. 


19. Lomitherium tutum; anterior part of right mandibular ramus, which supported four teeth, inner 


side; a, the outer side; b, superior aspect, twice natural size. 
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1-9 Didymictis protenus. 10 Pachyaena ossilraga 
molophus strenuus. i2-l4 Stypolophus multicuspis 15 Tomitherium angujatum 
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I1Gs. 1-15. Bones found with the teeth of Tomitherium jarrovii, natural size. Page 137. 

IG. 1. Olecranar portion of ulna, lateral view; a, the same, from below. 

lic. 2. Distal end of ulna, from above; a, the distal articular face. 

IG. 3. Proximal end of radius from below; a, proximal articular face. 

lic. 4. Head of the femur. 

IG. 5. External margin of femur, displaying third trochanter. 

Via. 6. Patella, external face; a, internal face. 

IG. 7. Distal end of fibula, from behind; a, inner face; b, outer face 

Fig. 8. Calcaneum, superior face; a, distal end. 

lic. 9. Astragalus in two fragments, from above; b, trom below. 

IG. 10.? Navieular bone, from above; a, from the side; b, from below. 

11G. 11. Cuboid bone, from the front; a, from the inner side; b, the proximal, and e, the distal ends. 

1G. 12. Mesocuneiform bone, from the side; a, from the front; b, from above. 

Fig. 13. The entocuneiform bone, from the outer side ; a, from the inner side; b, from below. 

Fics. 14-15. Sesamoid bones; a, external faces. 

Fics. 16-25. Bones found with the teeth of Tomitherium tutwm, including portions of feet, natural size. 
Page 141. 

Fic. 16, Astragalus and caleaneum in mutual relation, from the outer side; a, from above; b, astragalus, 
from below. 

Fig. 17. Extremity of right tibia in relation with the astragalus, from the front. 

Fic. 18. Extremity of right tibia, from below. 

Fic. 19. A metacarpal bone, antero-superior view; a, from the side; b, another metacarpal, proximal 
view. 

Fies. 20, 21,22. Phulanges, from above; a, from the side; b, proximal end. 

Tic. 23. Ungual phalange, from above; a, from the side; b, proximal extremity. 

V1G. 24. Mesocuneiform bone, side view; a, the front; b, end view. 

I'1G. 25. Unknown element, concave face ; a, plane face. 

Pic. 26, Lsthonyxr burmeisterii, posterior part of right mandibular ramus, from the outer side, supporting 
the last inferior molar; @, the same, from above. Page 156. 

Fics. 27-39. Typical specimea of Esthonyx bisulcatus, natural size. Page 154. 

lic. 27. Left mandibular ramus, supporting the last three molars and the penultimate premolar, exter- 
nal view; @, internal ; b, superior, and, ¢, inferior views. 

Vic. 28. Fragment of the right mandibularramus, supporting the two last molars, viewed {rom above. 

1G. 29. Supposed superior incisor: a, external view; b, lateral view ; ¢, internal view. 

Fic. 30. Supposed inferior incisors: @ and b, those of opposite sides, viewed from behind ; ¢, left tooth, 
view from the outer side; d, the same, inner side; e, the same, from the front. 

lig. 31. Portion of the right mandibular ramus of a second specimen of Lsthonyx bisulcatus, from tho 
outer side; @, the inner side; b, from above, natural size. 

fic. 32. Fragment of lower jaw of a third specimen, supporting a molar, inner side; a, from above. 

Hic. 33. An inferior molar of a fourth specimen of Esthonyx bisulcalus, the outer side; a, superior face. 

Iics, 34-39. Superior iucisor of the Hetoganus nocomechicanus, natural size. Page 159. 

Fic. 34. Outer side of incisor. 

Fic. 35. Inner side of incisor. 

bic. 36. Front border of incisor. 

lic. 37. Posterior border of incisor. 

Fig. 33. Proximal end, fractured. 

Fic. ; 


% Distal end, masticating surface. 
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PLATE XLL ‘ 
Page 160. 


Fics. 1-12. Teeth of Ectoganus gliriformis, natural size, from one individual. — 

Vic. 1. Superior incisor, from inner side; a@, the apex; b, the outer side; ¢c, the frout. ; 
Wigs. 2-3. Inferior incisors, anterior face; a, posterior face; b, external face; ¢, base of the sh: : 
Tics. 4-5. Corresponding incisors of opposite sides from the front; a, “from behind; b, from r oe 


from outer side. - 
Vig. 6. A smaller incisor, from the front; b and ¢, lateral views. ci S 
Vics. 7-8. Two molar teeth, from the side; a, grinding face, each with the corresponding angle broken 
off; b, side view; c, external view. aay 
Fic. 9. A Hola tooth, Gactured. - : ; 
Fic. 10. Au inferior molar tooth, from the pide a, from the eae |b, from above. a 
FiGs. 11-12. Fragments of molar teeth. 
F ies. 13-17. An inferior incisor tooth of Calamodon arcamenus, natural size.. Page 163. 
lic. 13. Front of the tooth. 
Fias. 14-15. Lateral views. 
Fic. 16. Posterior aspect. 
Fic. 17. Base of shaft. 
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PLATE XLII. 


Vics. 1-5. Fragments of lower jaw and dentition of Calamodon arcamanus, natural size. 


ic. 


FiG. 
Fic. 


1. Left mandibular ramus, onter side; a portion of the external wall wanting, displaying the inner 
sides of the alveoli; a, the same, viewed from above; b, inferior view of the same. 

2. A portion of the inferior border of the right ramus, viewed from above, so as to display the fundus 
of the iueisive alveolus. ; 

3. Extremity of the left inferior incisor, front view; a, internal aspect; b, posterior aspect; ¢c, ex- 
ternal view. 

4. A fragment from the inner side of the right inferior incisor. 

5. An inferior molar tooth: a, lateral view; b, anterior view; .c, superior view. 

6. Condyle and adjacent part of the mandibular ramus of fhe specimen of Calamodon simplex figured 
ov the next plate, natural size; a, from front. Page 166. 

7. Base of coronoid process and adjacent part of ramus, of the same specimen, outer side. 

8. Fragment of the same specimen, of uncertain references; a, lateral view. 
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PLATE XLII. 


Tragments of the skeleton of a sirgle individual of Calamodon simpler, cae aed on the preced ing pate 


natural size. Page 166, nae 7 


_ _ 
Fic. 1. Superior incisor, external view; a, inner, b, distal, cs proximal views. 
Fic. 2. Inferior incisor, the enamel- ae and apex lost. 
VG. 3. Apex of the inferior incisor, lateral view ; @, anterior view ; b, section of base of fragment. 
F1G. 4. Portion of the enamel-face of an inferior incisor. 
Fic. 5. A small incisor, front view; a, lateral view; Db, triturating surface. 
Fic. 6. A molar tooth; a, triturating surface. 
Fic. 7. Another molar tooth fragment. : 
Fic. 8. Fragment of articular extremity of scapula, outer view. ‘ oe 
Fic. 9. Two fragments-of the right humerus, placed in hypothetical relationship, anterior a, the” 


i 


same, internal side. 
Fic. 10. Right ulna, both ends wanting, outer side; a, superior aspect. ey : 
Fie. 11. Right radius placed in relation with the ulna, external aspect; a, superior, b, proximal views 
Fig. 12. Os inagnum, anterior side; a, lateral view; 5, inferior, aud, e, superior aspects. be 
Tic. 13. Uagual phalange, lateral view ; a, nal extremity ; b, superior aspect. ; 
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All the figures on this plate are of the natural size, excepting Piz.8b, which is one and one-half natural size. 


VG. 1. Inferior incisor tooth of Calamodon arcamenus, which was found alone, seen from the side; a, aa- 
terior, b, proximal, and, ¢, posterior views. 

lic. 2. Inferioc incisor of an isolated individual of Calamodon simplex, seen from the side; a, anterior 
view; b, proximal view, giving section; c, posterior view. 

Tics. 3-4. Teeth of one individual of Calamodon simpler. 

I'ic. 3. Molar tooth, outer side; a, inner side; b and c, anterior and posterior views; d, triturating sur- 
face of the crown. 

lie. 4. Portion of the inferior incisor tooth, including only the enamel-covered face; a, from front; b, 
section ; d, lateral view. 

Tic. 5. A superior incisor of another specimen of Calamodon simplex, lateral view. 

Via. 6. An isolated superior molar of a species of Calamodon, worn by prolonged use, 1: tora view; a, ex- 
ternal side; b, triturating face; c, base of fang. 

lic. 7. Fragnient of an incisor tooth of uncertain reference, from the side ; a, anterior face ; 6, section at 
end of shaft. : 

1G. 8. Superior maxillary bone of Plesiarctomys buccatus, from below ; a, from the outer side; b, inferior 
aspect, enlarged one-half. Page 171. 

lic. 9. Left mandibular ramus of Plesiarctomys delicatissimus, inner r side; a, outer side; b, superior view. 
Page 172. 

IG. 10. Left ramus of mandible of Plesiarctomys delicatior, inner side ; a, outer side; d, superior, e, icferior 
views. Page 172 

Vic. 1L. Right ramus of Plesiarctomys delicatior, from within; b, from above. 

Itc. 12. Right inferior incisor of Plesiarctomys delicatissinus, trout and side views. 
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Pics. 1-5. Phenacodus primavus, jaws and teeth, natural size. Page 174. 


ba. 
lic. 
lig. 
Pic. 
Pic. 
lic. 
(1G. 
Pig. 
Fic. 
VG. 


bia. 


lic. 
lic. 


Via. 


lia. 


lia. 


Fig. 


lic. 


VG. 


1. Portion of 1 ft mandibular ramus, with mandibular and maxillary teeth, viewed from the outer 
side; la, the same, from the inner side. 

2. Superior molar teeth of the same specimen, viewed from below. 

3. Interior molar teeth of the same, viewed from above. 

4. Fragment of the right mandibular ramus of avother individual, supporting true molars, viewed 
from the outer side ; 4a, from above. 

5. Last inferior true molar from a third individual, from above. 

6. Superior true melar of Phenacodus omnivorus, crown from below, natural size. Page 178. 

7. Superior molar of Phenacodus sulcatus, from below, natural size; 7a, the same, double natural 
size. Pago 179. 

8. Fragment of mandibular ramus of Opisthotomus flagrans, containing the last molar, the outer side,, 
natural size; 8a, the same, from above. Pago 152. 

9. Last and preceding inferior molar of Opisthotomus astutus, natural size, viewed from the side; 9a 
the same, from above. Page 152. 

10. Hyopsodus miticulus, left mandibular ramus, viewed from the inner side, natural size; 10a, from 
above. Page 150. 

11. Hyopsodus miticulus, right mandibular ramus, natural size, viewed from the inner side; 1la, from 
above. 

12. Hyopsedus miticulus, right mandibular ramus, the outer side; 12a, from above. 

13. Hyopsodus ?, superior molar teeth, viewed from below, natural size; 13a, the same, twice the nat- 
ural size; 13), the same, natural size, viewed from the outer side. 

14. Hyopsodus ?, portion of maxillary bone with superior molar teeth, natural size, viewed from below; 
l4a, the same, twice natural size. 

15. Sarcolemur mentalis, fragment of right wandibular ramus, viewed from the outer side; 13a, from 
above; both natural size. Page 149. 


16. Sarcolemur crassus, fragment of right mandibular ramus, viewed from the outer side, natural 
size; 16a, the same, from above. Page 149. 

17. Pantolistes chacensis, right mandibular ramus, from the inver side, natural size; 17a, from above. 
Page 146. 

18. Apheliscus insidiosus, right ramus of the mandible, from the inner side, and, 18a, from the outer 


side, natural size; 18b, the same, from above, twice natural size. Page 147. 

19. Diacodon allicuspis, right mandibular ramus, natural size, from the outer side; 19a, b, and ¢, twice 
natural size: a, from above; b, from outer side; and, ¢, from the inner side. Page 132. 

20. Diacodon celatus, left ramus of mandible, natural size, from the outer side; 20), the sume, twice 
natural size, from the outer side. Page 133. 
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~ Dentition of Cor. ‘uphodons, ata size, ci oe. 
Fig. 1. Fragment of right mandibular ramus of Coryphodon cuspidatus, supporting part of last mola from ia 
the inner side; a, from above; b, from the outer side. riage eee 
Fics. 2-10. Teeth of Coryphodon lobatus. Vane 209. : 3 


V'1G. 2. Left superior canine, postero-exterior view ; a, postero-interior | vi anteri 
ing triturating surface. . 

lies. 3-4. Superior premolars, from below; 4a, the posterior premolar, ara he front. 

Fic. 5. Interior extremity of crown of penultimate superior | true molar, from below. 

Tre. 6. Posterior superior molar, crown from below. = > 

Tic. 7. Incisor tooth, from within ; a, exterior view of the same. . 

Fig. 8. Left inferior canine, the ott: side; a, interior : side; both displaying surface worn by superior 
canine. s 

Tig. 9. Anterior inferior premolar, from above. 

IG. 10. Posterior inferior molar, exterior view ; a, interior view ; b, crown, viewed from above. 
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Dentition of Coryphodon, natural size, except Fig. 1, which is two-thirds nature. 
Fics. 1-3. Coryphodon obliquus. Page 207. 
Fic. 1. Portion of the left mandibular ramus supporting the last and part of the penultimate molars, 
the inner side; a, the same, external side. 
Fic. 2. Inferior canine, posterior view. 
Fig. 3. Last and part of penultimate molar, grinding face, from the ramus, Fig. 1. 
Figs 4-6. Coryphodon radians, teeth of one individual. Page 211. 
IG. 4. Posterior superior molar of the right side; 4a, the corresponding tooth of the left side; viewed 
from below. 
Fic. 5. Posterior inferior molar, viewed from above; a, from behind. 
Fig. 6, Apex of the superior canine, from behind; a, base of the fragment. 
lics. 7-10. Teeth of a second individual of Coryphodon radians, from a different locality from the last. 
lic. 7. First superior true molar, viewed from below ; a, anterior view. 
Iic. 8. An incisor tooth, probably inferior. 
lic. 9. Right inferior canine, inner side; a, posterior aspect. 
Tic. 10. Right posterior inferior molar, from above. 
lias. 11-13, Teeth of a third individual of Coryphodon 1 adians, natural size. 
Fic. 11. Last two inferior molars, from above; a, the same, from the inner side. 
Fra. 12. Second and third premolars, from above; b, from the inner side. 
Fic. 13. Superior canine, section of base of crown; a, section of fang. 
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Tia. 1. Internal view of the right ramus mandibuli of Coryphodon latidens, two-thirds natural size. 
Page 214. : 
F 1G. 2. The dental series of both rami, viewed from above, two-thirds natural size. 
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Coryphodon latidens. — fl 
= . a 4 z . 
Fic. 1. Left ramus of the mandible, viewed from the outer side, two-thirds natural size. 
Fie. 2. Premaxillary bone, external view} a, inferior view; natural size. 
Fic. 3. Left superior canine in relation with the premaxillary, external viow, natural size ; a, posterior ; 
: view of the same; ), section of the oes near the apex. r 
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Fias. 1-4. Coryphodon latidens, two-thirds natural size. 

Fic. 1. Mandibular ramus, posterior view. 

Fic. 2. The atlas, from below ; a, from above. 

Fic. 3. Segment of sternum, with sternal rib slightly dislocated ; a, edgewise view. 

Fic. 4. Sternal segment with sternal rib. E 

Fies. 5-6. Coryphodon elephantopus, ramus mandibuli, probably of the cranium figured on Plate Lf. 
Page 217. 

Fic. 5. Part of mandible, from above, a portion of left ramus wanting; a, profile of symphyseal portion, 
with view of the inside of the left ramus. ~ 

Fic. 6. Section of inferior right canine at the base of the crown, natural size; a, section of same near 
the apex. 

Fig. 7. Premaxillary bone of the elongate type found alone; a, from below. 
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. Cranium of Coryphodon elephantopus, one-half natural size, viewed from the side. 
. A cast of the brain-cavity of the above cranium, two-thirds the natural size, representing the 


form of the brain from the left side. 
The same inferior view; ¢, origin of trigeminus nerve; md, base inferior maxillary branch; p, ribs 
in line with the anterior pyramids. : 
The same, superior view. 


. The same, anterior view. 
. The same, posterior view, cut off at the superior margin of the foramera magnum. 
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PEATE il a5. | 
Cranium of Coryphodon elephantopus, figured on Plate LI, viewed from above, onestal , erent ea) 
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PLATE LUT. 7 


+ Pic. 1. Cranium of Coryphodon elephantopus, figured on Plate sas viewed from below, one-half. natural size, 
4 Fig. 2. Cast of brain cavity of Procamelus occidentalis, the right s side ; 5 4, from below, ; 
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PLATE GEV 


. 1. Cranium of Coryphodon elephantopus, occipital view, one-half natural size. 
. 2. Last inferior molar of the right side of Coryphodon molestus, type of the description of Bathmodon 
lomas, natural size ; a, profile view. 


G. 3. Temporary molars, with crown of unprotruded permanent first molar of an unknown species of 


Coryphodon, natural size. 
. 4. Tibia of an undetermined Coryphodon, two-thirds natural size, anterior view; a, posterior, b 
exterior, and, c, distal views. 


’ 


x5 Head of humerus of another Coryphodon, two-thirds natural size. 
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PLATE LV. 


Bones of Coryphodon sinus, two-thirds natural size. Page 225. 


Fies. 1-4. Portions of the cranium described as typical in the present work. 

Fie. 1. Left maxillary bone which supported the true molars and last two premolars. 

Fic. 2. Right premaxillary bone without the apices, exterior side. 

Fic. 3. Both mandibular rami supporting molars only, from above ; a, right ramus, interior side. 

Fic. 4. External side of the posterior or exoccipital bounding erest of the temporal fossa; a, posteriar 
view. 

Fics. 5-10. Bones of a second individual. 

Tia. 5. Adjacent portions of maxillary and premaxillary bones of the right side, the latter containing 
three alveoli and wanting apex; a, inferior view of the same. 

Fra. 6. Portion of right mandibular ramus supporting Pm. 4 and M. 1, from above. 

Fic. 7. A dorsal vertebral centrum, anterior view ; a, inferior side of the same. 

Fic. 8. Head of humerus, extremital view. 

lic. 9. Proximal end of radius, inferior view ; @, proximal or humeral surface of the same. 

Fic. 10. Distal extremity of femur, from above, a, from the outer side. 
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PLATE LVL 


Coryphodon molestus, drawn to different scales. Page 229. 


Fic. 1. Cranium distorted by pressure, one-third natural size, seen from the right side. 
Fic. 2, Posterior part of cranium, seen from below, one-half natural size. 
Fic. 3. Left side of muzzle of the same cranium, two-thirds natural size. 
Fic. 4. Inferior true molars of the right side, seen from above, two-thirds natural size. : 
Fic. 5. Apex of the right canine tooth, natnral size, external side; a, section at base of fragment 3, 
front view. et a ao 
Fic. 6. Atlas, left side, seen from behind, two-thirds natural size ; a, the same, from below. 
Frg. 7, Axis, from above, two-thirds natural size; a, from below. a - 
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PLATE LVIL. 


Fics. 1-2. Coryphodon molestus, specimen figured in Plate LVI, two-thirds natural size. 

Fic. 1. Posterior part of palate, with the molar teeth. ; 

Fic. 2. Anterior left foot, without the scaphoid and trapezium and some of the phalanges, the remain- 
ing elements somewhat dislocated and adhering by the matrix as they were exhumed. The 
fifth metacarpus is pushed back on the under side of the carpus. 

Fras. 3-7. Coryphodon, No. I, two-thirds natural size. 

Fic. 3. Cervical vertebra, left moiety, from behind; a, the same, from the left side. 

Fic. 4. Lunar carpal bone, from front ; a, from above; b, from below: a and b have same significance in 
Figs. 5 and 6. 

Fic. 5. The cuneiform bone. 

Fic. 6. The unciform bone. 

Fic. 7. The third and fourth metacarpals of the right side, anterior surface; a, the same, proximal ex- 
tremities. 
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Figs. 1-7. Bones of Coryphodon, No. I, two-thirds natural size. Page 237. 

Fic.1. Atlas, the median portion wanting, anterior view. : 
Fic. 2. Seapula, median part wanting, external view; a, proximal end, the coracoid process broken off. 
Fia. 3. Olecranon, oblique posterior view. 

Fic. 4. Patella, external, a, internal views. 

Fic. 5. Proximal portion of caleaneum, from above ; a, from below. : 

Fig. 6. Astragalus, from above; injured. 

F1G.7. Cuboid bone, anterior face ; a, posterior face ; 6, superior face ; ¢, inferior face. 

Fig. 8. Distal extremity of an ulna, from another locality, superior face; b, articular extremity. 

Fic. 9. Metacarpals III, IV, and V, of Coryphodon, No, IL, posterior view, showing sesamoid bones. 


7 5s : 


my 7 
PLATE LIX. 
Bones of the feet of Coryphodons described under the head of No. II, two-thirds natural size. Page 241. 


lic. 1. Left fore foot, antero-superior view ; the cuneiform, magnum, and unciform adherent and some- 
what dislocated ; the remaining bones separate. Sc, Scaphoid ; Cu, Cuneiform; Ps, Pisiform ; 
Tz, Trapezium ; To, Trapezoides; Mg, Magnum; Une, Unciform. 

I'ia. 2. Proximal view of the first series of carpal bones of the same foot. 

Fic. 3. Scaphoid of same, from below. 

Fie. 4.. Lunar of same, from below. 

Fig. 5. Pisiform of same, external view; a, pisiform of same, inferior view. 

Fic. 6. Trapezium of same, exterior side: a, interior side; b, proximal end; c, inferior end. 

Fig. 7. Trapezoides of same, internal side; a, external side; b, superior side; ¢, inferior side. 

Fig. 8. Magnum, from below, attached to the cuneiform; a, internal side. 

Fic. 9. Unciform, inferior view. 

Fic. 10. View of proximal ends of the metacarpals of the same, from No. II to No. V inclusive 

Fig. 11. Distal extremities of the same metatarsals. 

Pic. 12. Right posterior foot found with Fig. 1, but perliaps belonging to Coryphodon molestus. The 
phalanges were found in place, and were marked before being separated from the metatar- 
sals and each other, so as to secure their proper re-association. A supero-anterior view. 4s, 
Astragalus; Cl, Caleaneum; Cu, Cuboid; N, Navicular; ec, Ectocuneiform ; Msc, Meso- 
cuneiform; £nc, Entocuneiform. 

Fig. 13. Cuboid of the same, inner side; a, inferior side. 

Fic. 14. Navicular, from above; a, from below. 

Fig. 15. Ectocuneiform, superior surface ; a, inferior surface; b, interior side; ¢, external sides. 


PLATE LX. 


Fics. 1-11. Bones of the Coryphodon No. I, figured on Plate LVIX, two-thirds natural size. 
Fic. 1. Posterior foot of right side, postero-inferior view. 


Fic. 
Fic. 
Fic. 


Fic. 


Fic. 
VG. 
Fic. 
Fia. 


Vic. 


Fic. 
lic. 
Fic. 


2. Astragalus and calcaneum in relation, but somewhat flattened by pressure. 
3. Caleaneum from above, flattened by pressure. 


4, Mesocuneiform and entocuneiform bones, from above; a, mesocuneiform, outer side ; b, entocunei- 


forin, inner side; c, inferior view of the conjoined bones. 

5. Proximal ends of the metatarsals, all found in place, excepting No. V, which was superficial and 
loose. 

6. First phalange of hallux, proximal end; a, distal extremity. 

Ungual phalange of ballux, proximal end. 

8. First phalange of second digit, proximal end; a, distal end. 

9. Ungual phalange of second digit, proximal emis 

10. Three consecutive candal vertebre accompanying the feet, inferior view; a, superior view ; b, 
proximal end of proximal vertebra. 

11. Articular extremity of a more distal caudal vertebra. 

12. A caudal vertebra still more distal, from below ; a, from above ; b, articular extremity. 

13. The astragalus and caleaneum of another individual, from the same locality as Nos. IL and 
III, perhaps belonging to No. III, agreeing with it in color: Fig. 13, superior face ; a, in- 
ternal face ; b, external face; c, anterior face; d, inferior face: e, the caleaneum alone, 
superior face. 


PLATE LXI. 


Fias. 1-15. Bones of a Coryphodon, of a black color, found together, and described as No. Ill; two-thirds 


natural size. Page 247. 


Fic. 1. Right fore foot, antero-superior view ; the carpal bones all present, but a portion of the anterior 


face of the 0s magnum broken away. The phalanges collated in accordance with their true 
relations, as exposed in excavating by fhe author. 


. Posterior faces of the digits of the same foot, in natural relation. 

. Distal view of distal extremity of third metacarpus. 

. Proximal end of first phalange of third digit; a, distal end. 

. Distal end of second phalange of third digit. 

}. Proximal end of ungual phalange of third digit. 

. Distal view of distal end of first metacarpus. 

. Proximal end of first phalange of pollex; a, distal ond of the same. 


Proximal end of ungual phalange of pollex. 


. Third digit, seen from the external side. ' 

. Clavicle, with one extremity; a, extremital view; 0), section at fracture. 

2. Extremity; perhaps the opposite one of the same clavicle. 

. Portion of shaft, probably belonging to the clavicle represented in Fig. 11. 

. Ulna of an animal apparently larger than that to which the fore foot belongs, seen from the 


side. 


. The same, superior view. : 

. Scaphoid bone of another individual, from above; a, from below; 6, inner side; e, outer side. 

. Cervical vertebra of another individual, from below ; a, from the left side. 

3. The posterior articular face of the posterior of the two cervical vertebra figured in Fig. 17, 


without epiphysis; a, anterior face of the same. 
. Posterior face of the anterior of the two cervical vertebrae above figured. 
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PLATE LXII. 


Bones of Coryphodon, No. IV. Page 248. 


. Right humerns, without the head, the proximal portion crushed by pressure, anterior view; a, 
posterior view; }b, internal view. 

. Distal end of left femur, inner side; a, inferior view; b, distal view. 

. Right astragalus, from above; a, from the front; b, posterior aspect; c, inferior view. 
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PLATE LXIII. 


Fias. 1-4. Bones of Coryphodon, No. IV, two-thirds natural size. 

Fic. 1. Lumbar vertebra, from below; a, anterior articular face. 

Fic. 2. Another lumbar vertebra, from below; a, from front; b, from behind. 

Fic. 3. Fibula of the right side, posterior aspect; a, external aspect; b, interior side; c, anterior side. 
Fic. 4. Left ilium, viewed from the inner edge, showing the sacral symphysis. 

Fic. 5. Glenoid cavity of another Coryphodon. 

Fic. 6. Glenoid cavity of a third Coryphodon. 
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PLATE LXIV. 


Fragments of different Coryphodors, one-half natural size. 
Fc. 1. The anterior portion of an ilium, displaying both borders of the peduncle. 
Fic. 2. The right ischium of the same specimen, from the inner side; a, posterior view. 
3. Right femur of another specimen, anterior view. 
Fic. 4. Inner view of the same specimen. 
5. Distal view of distal end of the tibia of another individual. 
Fra. 6. Distal end of supposed radius of another specimen, from above; a, distal view. 
Figs. 7-13. Fragments of Trionyx ventricosus, natural size; all belonging to one specimen, excepting Fig. 13. 
Fies. 7-10. Fragments of costal bones. 
Fia. 12. Left hyosternal bone; a, from above. 
Fic. 13. Left hyosternal bone of a second specimen, inferior surface. 
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PLATE LXV. 


Fics. 1-11. Orotherium vintanum, natural size; portious of one individual. Page 255. 

liq. 1. Left maxillary bone with true molars and third premolar, viewed from below ; 1a, the same, from 
the left side, 

Via. 2. dD, first, and a, third inferior true molars of the right side, from above. 

I'ia. 3. First true inferior molar of the left side: a, from the inner, b, from the outer, side. 

Vig. 4. The right humerus, intero-posterior view ; a, extero-anterior view : b, proximal view of the frac- 
tured head. 

Fig. 5. Distal end of the radius, inferior view; a, distal view. 

Tic. 6. Proximal end of radius, proximal view. 

Fig. 7. Olecranon of right ulna, from the inner side. 

Fic. 8. The left feraur, anterior view; a, from the inner side. 

Tic. 9. Shatt of the tibia, viewed from tbe front; a, section, proximal view. 

Fia. 10. Distal end of the left tibia, posterior view; a, anterior, b, interior, and, ¢, distal yiews. 

Fic. 11. Caleaneum, from above, the cuboid facet broken off; a, the same, inner view. 

Vig. 12. Ovotherium vintanum, fragment of right mandibular ramus of a second individual, the inner side, 
natural size. 

Vic. 13. Mandible of Orotherium cristonense, viewed from above, natural size ; a, viewed from the left side. 
Page 254. : 

Fig. 14. Right ramus of the same jaw, viewed from the inner side. 

Fics. 15-17. Fragments of jaws of Orotherium loevii. Page 257. 

lic. 15. Fragment of left maxillary bone, twice natural size, viewed from without; a, the same, viewed 
from below. 

I'rG. 16. Left mandibular ramus, viewed from the outer side, patural size; a, the same, from above; b 
second molar, from above, twice the natural size. 


> 


Fic. 17. Right mandibular ramus, natural size; from above; 17a, fourth premolar, twice natural size. 
Trg. 18. Fragment of left maxillary boue of Hyracotherium cuspidatum, supporting last two molar teeth 
viewed from below; ¢@, the same, from the outer side. Page 267, 
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lics. 1-6. Jaws and dentition of Hyracotherium angustidens, Cope, natural size. Page 265. 

Vic. 1. Maxillary bones, with teeth of both sides, from below; la, right maxillary from the outer side. 

FiG. 2. Portion of the mandible of the same individual, with the posterior three molar teeth viewed 
from aboye; 2a, the same, from the outer side. 

Vig. 3. Mandible of a smaller individual of the same species, with the three true molars from the outer 
side; 3a, the same jaw, from above. 

IG. 4. The posterior two superior molar teeth of another individual, from the outer side; 4a, the same 
fragment, from below. 

lic. 5. The third and fourth premolars of another individual, abnormally separated from each other, 
viewed from above. 

Fic. 6. The fourth premolar, with the first and part of the sccond true molars, viewed from above. 

lies. 7-11. Jaws and dentition of Hyracotherium vasacciense, Cope, natural size. Page 264. 

I'1Gc. 7. Last two molars of the right side of both jaws, closed in natural relation, viewed from the outside. 

Fic. 8. Maxillary bone, with teeth of the same, viewed from below. 

Fig. 9. Mandibular fragment of the same, viewed from above. - 

Fic. 10. Portion of left mandibular ramus of another individual, supporting the last five molars (sev- 
enth and fifth imperfect), viewed from the inner side; 10a, the same, from above. 

Fig. 11. Portion of the left mandibular ramus of another individual, containing the molars from the 
third to the sixth, viewed from the outer side; lla, from the inner side; 110, from above. 

lias. 12-16. Jaws and other bones of Hyracotherium tapirinum, Cope, natural size. Page 263. 

Fic. 12. Posterior part of right mandibular ramus, supporting the posterior two molars, viewed from the 
inner side ; 12a, the same, from above. 

Vic. 13. Fragment of left mandibular ramus, with second and third true molars of another individual, 
viewed from the inner side; 13a, the same, from above. 

Fic. 14. Astragalus found with the jaw, Vig. 13, and perbaps belonging to the same aniinal, from above ; 
a, anterjor extremity. ; , 

¥1G. 15, Tibia, viewed on ifs distal end, belonging to the animal whose astragalus is represented in Fig. 14. 

Fic. 16, Fragment of the left mandibular ramus of another individual, containing the first and second 
true molars, viewed from the outside ; 16a, the same, from above. 

Fic. 17, Right maxillary bone of Hyrachyus singularis, Cone, with the last five molars, viewed from be- 
low, natural size; 17a, from the outer side. Page 257. 

Fic 18. A part of the right maxillary bone of Meniscotherium chamense, Cope, one-half larger than na- 
ture, containing more or less of the posterior four molars from kelow; 18a, the same, from 
the right side. Page 252. 


PLATE LXVILI. 


Fics. 1-6. Tortoises, one-third the natural size. 
Fic. 1. Posterior margival bones of Testudo wndata, typical specimen ; a, posterior border ot tenth mar- 
ginal bone. Page 283. 

Acetabnlum and parts of pelvis of the same specimen. 

Candal marginal bone of Testudo klettiana, superior face. Page 255. 

A vertebral bone of another specimen, from above ; a, from the side. 

Fic. 5. Pygal bone of another specimen, from above; a, trom below. 

Fic. 6. Costal bone of another specimen, from above ; a, from below. : s 

Fics. 7, 8,9. Portions of tortoises from the same region as the last, natural size. 

Fig. 7. Anterior caudal vertebra of Testudo, from below ; a, from the left side. 

Fic. 8. Median and distal candal vertebre of the same animal, from below. 

Fic. 9. A metapodial bone of the same animal, from above; a, proximal extremity. 

Frcs. 10-18. Bones of the typical specimen of Vultwr wmbrosus, mostly figured on the following plate, 
natural size. Page 287. 

Fig. 10. Proximal part of left limb of the farcula. 

FG. 11. Left coracoid bone, from behind; a, from inner side; b, proximal end; ¢, distal end. 

Vig. 12. Proximal part of ulna, from above. 

Fic. 13. Distal extremity of compound metacarpal bone, with first phalange lacking its inner border ; 
a, distal view of metacarpals ; b, proximal view of phalange; ¢, distal view of the same 
phalange of the other wing. 

Fic. 14. Ischium, retaining part of acetabular face, outer side; a, inner face. 

Fig. 15. Tarso-metatarsus, lacking the proximal extremity, with the inner free metatarsus, front view ; 
a, posterior view, without free metatarsus ; b, view of proximal end of fragment; c, view of 
distal extremity, from below. 

Fig. 16. Lateral view of free metatarsus ; a, anterior view in place. 

Fic. 17. External digit of foot, wanting the ungual phalange. 

Fig. 18. Third digit of foot, wanting second and fourth phalanges, from above: a, from the side; b, prox- 
imal view of first phalange. 
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FIG. 7. 
Fie. 8. 
Fie. 9. 
Fic. 10. 


PLATE LXV{IL. 


Bones of the skeleton of the typical specimen of Vultur umbrosus, natural size. 


. Beak, including nares and part of mandible, right side; a, left side; b, superior, and, c, inferior, 


views. 


. Inferior extremity of the left quadrate bone, from behind; a, from below. 

. Posterior extremity of left mandibular ramus, external view ; a, from above. 

. Two cervical vertebra, left side; a, from below; ¢, posterior of view of the posterior vertebra. 
5. First dorsal, profile; a, from below; b, from before; c, from behind. 

. Third dorsal, lettering as in last. 


Fourth dorsal, lettering as in last. 
Sixth dorsal, lettering as in last. 
Seventh dorsal, lettering as in last. 
Sacrum, without posterior extremity, lettering as above ; d, superior view. 
Four proximal caudal vertebra; a, from below. 


. Plowshare- bone, lettering as above. 
3. Anterior view of left humerus, partially restored in outline, with the omission of a portion of 


the middle of the shaft; a, posterior aspect of proximal extremity of the same; b, proximal 
view of the same. 


. Posterior view of right humerus, which lacks the head, the shaft restored. 

5. Postero-exterior view of left ulna, the proximal portion. 

. Proximal view of proximal extremity of left ulna. 

. Anterior view of right femur, the shaft restored in outline; a, proximal view of proximal ex- 


tremity ; 6, distal view of distal extremity; c, posterior view of distal portion. 


. Anterior view of left tibia, restored in outline; a, external view of same; b, proximal view of 


head. 


. Proximal view of head of fibula. 
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PLATE LXIX. 


Fria. 1. Right mandibular ramus of Canis ursinus, natural size, external view; a, from below; b, from 
above; ¢, posterior view. Page 304. 

Fig. 2. Right mandibular ramus of Canis vheelerianus, uataral size, external view; a, inferior view; b, 
superior view. Page 302. 

Fic. 3. Portion of mandibular ramus of Putorius nambianus, natural size ; a, sideview, twice uatural size ; 
b, superior view, twice natural size. Page 305. 

Fics. 4-12. Teeth and bones of Steneofiber pansus, found together, natural size. Page 297. 

Fig. 4, Right maxillary and mandible, external view. 

Fie. 5. Right mandible, from above; a, from below. 

Fic. 6. Right maxillary, from below. 

Fic. 7. Inferior incisor, from the front ; a, from the side. 

Fic. 8. Otic bulla. 

Fic. 9. Humerus, without distal end or proximal epiphysis. 

Fie. 10. Right ulna, proximal portion. 

Fiaes. 11-12. Long bones. 

Fias. 13-14. Teeth of a young Steneofiber pansus: 13, first inferior molar, external side; a, interior side. 

Fa. 14. Inferior incisor, showing transverse lines. 

Fig. 15. Right mandibular ramus of Humys loxodon, natural size, external view; a, external view, one 
and one-half natural size; b, superior view, one and one-half natural size ; c, superior view 
of inferior molar teeth, thrice natural size. Page 300. 

Fias. 16-20. Teeth of Panolax sanctefidewi. Page 296. 

Fig. 16. Superior molars of right side, seen from below, twice natural size. The number is hypothetical, 
as they have not been found in place. 

Fic. 17. Superior median molar, natural size, from the anterior side : a, inner border; b, external border. 

Fig. 18. Penultimate molar in place, but scarcely protruded, inner side, natural size. 

Fic. 19. First superior molar, twice natural size, front view; a, external view. 

Fic. 20. Last superior molar, twice natural size, anterior view; a, posterior view. 

Fic. 21. Distal end of a femur found at a distance of six feet from the teeth of P. sanctefidei, and sup- 
posed to beloug to the same animal, natural size, superior view. 

Fig. 22, Proximal end of tibia, found with the preceding femur, natural size. 

Fig, 23. Principal phalange of a Bird, side view, natural size; a, inuer edge. 

Fic. 24. ? Free metacarpal of an undetermined Bird, side view, natural size. 
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PLATE LXxX. 


Mandible aaterior to the coronoid process, of Mastodon productus, one-half natural size; the left posterior molar 
is the only one well preserved. Page 305. -_ 
Fig. 1. View from above. 
FG. 2. The left side. 
Fic. 3. Distal view. . 
Fic. 4. Molar tooth of Llephas primigenius columbi, from Placita, one-half natural size, grinding face 
Page 25. 3 
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PLATE LXXI. 


Teeth and bones of Mastodon productus, one-half natural size. 


Superior molars, from the first to the fourth, of both sides, seen froin below ; the fourth not pro- 
traded. 

The same series of the right side, viewed from within. 

The last or sixth inferior molar of the lower jaw, figured in Plate LXX, from the innex side. 

The sixth inferior molar of a third individual, from above. 

l’ragment of a worn third molar; the grinding face. 


j. Pragmenut of the posterior part of a molar tooth. 
. Extremity of a superior tusk. 

Fig. 2. 
Fie. 9. 


Vragment of an inferior tusk, from above; a, distal extremity. 
Cuueitorm bone of the right side, from above; a, from below ; b, from bebind. 
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Fig. 1. Right wna, without epiphyses, outer side; a, the sameefrom above. ty) 


5 en 
Fig. 2. Os magnum, from the front; a, from above; b, from below ; ¢, external, d, internal side. 
TG 3. Left femur, from the front; a, from the outer side. > 
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PLATE LXXIIi. 


Bones of species of Aphelops, one-half natural size. 


Fic. 1. Superior maxillary bone, with molar teeth, of Aphelops meridianus, viewed from below; a, from 
the external side. Page 317. 

Fic. 2. Meatus auditorius externus and adjacent parts of the specimen represented in Fig. 1. 

Fic. 3. Right mandibular ramus of Aphelops jemezanus, external view ; a, superior view. Page 319. 

Fic. 4. Condyle of the-:same mandible, viewed from behind; a, from above. 

Fic. 5. Cast of part of the cranial cavity of specimen of Orye@na forcipata figured on Plate XXXV, fig. 
7,seen from above, natural size; 5a, the same, lateral view. The area within the irregular 
line represents the portion of the interior table of the skull which is not eroded. 
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PLATH LXXITV. 
Mandibles of Aphelops, one-half the natural size. 
Tic. 1. Mandible of the specimen of A. meridianus, figured on the preceding plate, fro above. — Most st 
the left ramus present i in the fossil is omitted in the drawing. 
Fic. 2. The same mandible, seen from the left side, the inner face of the right ramus being exposed. 
: Vic 3. Inferior view of the same ramus. Ba 7 > 
‘ Via. 4. Inferior view of the right ramus of Aphelops jemezanus, figured « on the pre 
below. 
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PLATE LXXV. 
Teeth and jaw fragments of Horses, natural size. 


Fic. 1. Inferior view of the superior molar teeth and palate of the typical specimen of Hippothariwn cala- 
marium; a, external view of maxillary bone, containing three anterior molars of left side. 
Page 321. 

Fic. 2. Portion of the lower jaw of the individual of Hippotherium calamarium, figured in the preceding 
plate, containing the molar series, viewcd from the outer side; a, the same, seen from above. 

Fic. 3. Left superior molars of Hippotherium speciosum, seen froin below ; a, external side. The series is 
interrupted by a fragment of matrix between the fourth and fifth molars. Page 322. 

Fic. 4. Fragment of the mandibular ramus of a Horse, with three molar tecth, from above. 

Fic. 5. The first three inferior molars of a larger Horse, much worn, from above. 

Fic. 6. The incisor series of the individuai represented in Fig. 5. 

Tic. 7. Worn superior molar tooth of aspecies of Protohippus, from below ; a, theexternal face. Page 323. 


l-2. Hippotherium calamarium. 3.H.speciosum 
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7. Protohippus sp 
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_. PLATE LXXVI. 


b ? Cranium of Procamelus occidentalis, three-fourths the-natural 


és 


Fie. 1. Superior surface. =s 7 
Vic. 2. Inferior surface. j 
Fic. 3. Superior view of a cast of the brain-cavity from the same | 
>) Page 338. ae sed 
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. 6., Portion of superior maxillary bone of a Camel, with milk dentition. fees 345. 
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PLATE LXV) ae 


Cranium and teeth of Camels, thir ree-four ‘ths the natural size. 


1. View of the side of the cranium of Procamelus oceident is, figured on the preceding eat 

2. Posterior view of the same cranium. 

3. Fragmentary molar dentition of the lower jaw ofa second individual, left side, from abo 

4. Portion of left mandibular ramus of Pliauchenia humphresiana, from the outer side; ny from above. 1 
Page 344. ; 

5. Portion of lefo superior maxillary Rules with Toles of Pliauchenia vulcanorum, eetornal vi 
inferior view. Page 345. 
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PLATE LXXVIII. 


Bones of Camels, three-fourths the natural size. 
Fics. 1-9. Portions of the individual of Procamelus occidentalis, whose cranium is figured in the preceding 
plate. 
Fic. 1. Atlas, from below ; a, from the right side; b, from behind. 
Fic. 2. The axis, from the front. 


Fic. 3. An anterior cervical vertebra, from above; a, from behind. 

Fic. 4, A cervical vertebra behind the last figured, from the right side; a, from front; b, from below. 
Fic. 5. A dorsal vertebra, from the left side; a, from the front. 

Fic. 6. A lumbar vertebra, from below; a, from behind. 

Fic. 7. Proximal view of scapula. 

Fic. 8. Distal view of humerus. 

Fic. 9. Distal view of ulno-radius. 


Fics. 10-11. Bones of foot of a larger Camel, found together. 

Fic. 10. Trapezoides, outer side: a, inner side. 

Fic. 11. Unguis, from side; a, from above ; b, from behind; c, from below. 

Fie, 12. Cuboid bone of another Camel, external view ; a, internal view ; b, superior view; ¢, inferior view. 


NAV raewe 


. Humerus from front; a, from the side ; 6, view of head. 
. Ulno-radius, from front. 


. Proximal view of first series of carpal bones. 

. Distal view of the same. as 

. Cannon-bone, from front ; a, from behind. 

. The first phalanges, ‘com front ; a, from behind. 


PLAMEPLXX TX 


Bones of the Procamelus occidentalis of the individual figuredeon the two preceding plates. 


Carpus, lacking the unciform bone, from front ; a, from behind. 
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Portions of horns of Dicrocerus furcatus, natural s 
Fic. 1. Basal portion, with part of the frontal bone of the right side, exhibiting the burr; a, posteri 
view, showing part of the scarlett on the removal of part of the burr; , the same, from out 
side ; ¢, section of broken apex. : i> ee. 
Fie. 2. Distal portion of the same horn, front view; a, inner view ; the intermediate part is lost. 
Fic. 3. Beam of right horn of specimen No. 2, with bases of antlers, from front; a, from outer side; b, 
“ fragment from opposite side of the same animal, displaying burr on an antler. ~ 
Fie. 4. The fourth specimen described in the text, belonging to the left side ; a, extremity of an 
fractured and anchylosed. > - : T : 
Fic. 5. Horn of right side of a fifth individual, the base broken away, interior view; a, anterior view 
PG. 6, Fragment of left horn found with the preceding specimen, as though belonging to the same ani- 


je 


mal, but different in proportions. ; ; : 
Fic. 7. Longitudinal section of the beam of a horn of Dicrocerus furcatus. _ 
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Figures of the horns of Dicroceri, natural size. 
Fig. 1. Beam of Dicrocerus furcatus, from within, showing the sear of the burr; a, section of the same, 7 


showing the spongy tissue uninterrupted and the dense tissue unbroken, | Page 350, 
Fics. 2-6. Dicrocerus necatus. Page 353. 4 


Fic. 2. Horn of the right side, inner view. 7 

Fic. 3. Horn of the left side of the same animal, external view; a, the same horn 
displaying the left frontal bone distorted. 

Fic. 4. Right horn, minus the antlers, of another specimen, exhibiting 

lic. 5. Right beam of another animal, displaying burr on beam. 

Fic. 6. Beam of right horn of another individual, displaying burr. ; F 

Fic. 7. Parts of frontal and parietal bones of Dicrocerus teres, external view; a, the same piece, posterior — 
view. : 

Fic. 8. Fragment of horn of Dicrocerus trilateralis ; 
Page 357 
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, Viewed from the frout, 
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burr on the anterior antler. 


a, section of proximal end; b, section of distal end. 
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Fig. 2. 
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PLATE LXXXIL. 


Figures of Dicroceri, natural size, excepting Figs. 3 and 9, which are one-half natural size. 


Left mandibular ramus of Dicrocerus furcatus, exterior side; a, superior aspect. Page 352. 

Right mandibular ramus of Dicrocerus necatus, from the specimen figured in Plate LXXXI, figs. 2 
and 3, external view; a, superior view. Page 304. 

Maxillary bone and teeth of D. necatus, of the specimen figured in Plate LXXXI, fig. 4; a, external 
view. 

Fragment of lower jaw, with last molar, of specimen represented by Fig. 3. 

Superior part of mandibular ramus of left side of another specimen, doubtfally referred to D. 
necatus (type of D. ramosus); a, superior view of the same. 

Anterior view of frontal bones and portions of horns of Dicrocerus teres; a, view of the same, 
from above. Page 356. 

Symphysis mandibuli of Dicrocerus trilateralis, external view ; a, superior view. Page 357. 

Symphysis pubis and ischii of the same specimen, from below, one-half natnral size. 

External view of acetabulum of individual represented in Figs. 7 and 8. 

Anterior part of mandibular ramus of Dicrocerus tehuanus. Page 359. 


Fig. 11. Corresponding part of an individual doubtfully referred to D. tehuanus. 
I'rG. 12. Right mandible, with teeth, of another individual, referred with doubt to D. tehuanus, external 


Fic. 13. Posterior inferior molar tooth of Dicrocerus gemmifer, with a fragment of the jaw, outer side: 


view; a, superior view. 


a, inner side. Page 360. 
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PLATE LXXXIIT. | 


Portions of the skeleton of Dystropheus viemala, from the Trias of Utah, collected by Prof. J. S. Newberry, 
one-fifth natural size. 


Fic. 1. Supposed scapula, external side; a, section of the same from a transverse fracture near the mid- 
dle of the length. : 

Fic. 2. Supposed left humerus, inner side; a, anterior, b, external sides; c, proximal end; d, distal end ; 
e, section of shaft near the middle. : 

Fic. 3 Distal extremity of supposed ulna, distal view; a, view of fractured section of shaft of same, 
ten inches above the extremity. : 

Fics. 4,5,6. Metapodial bones: a, proximal extremities; b, distal extremities. 

FG. 7. Inner face of the left half of the posterior portion of the cranium of Coryphodon elephantopus fig- 
ured in Plate LI, displayiug the left half of the brain-cavity and the air-chambers; one- 
fourth natural size. 
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